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This  work  was  performed  for  the  Directorate  of  Facilities  Engineering,  Office  of  the 
Chief  of  Engineers  (OCE),  as  part  of  the  FY77  OM&A  Program  7280 1 2. 14,  Facilities  Inves- 
tigation Studies,  “Automated  Pavement  Maintenance  and  Repair  Management  System.” 
The  OCE  Technical  Monitor  is  Mr.  L.  H.  Price. 

The  work  was  conducted  by  the  Engineering  and  Materials  Division  (EM),  U.S.  Army 
Construction  Engineering  Research  Laboratory  (CERL).  The  CERL  Principal  Investigator 
is  Dr.  M.  Y.  Shahin.  -> 

The  contributions  of  Ms.  F.  M.  Rozanski  of  CERL,  who  assisted  in  writing  this  report, 
are  acknowledged. 

Dr.  G.  R.  Williamson  is  Chief  of  EM.  COL  J.  E.  Hays  is  Commander  and  Director  of 
CERL,  and  Dr.  L.  R.  Shaffer  is  Technical  Director. 
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DEVELOPMENT  OF  A PAVEMENT 
CONDITION  INDEX  FOR 
ROADS  AND  STREETS 


1 INTRODUCTION 


Background 

lhe  I S.  Aims  Construction  engineering  Reseatch 
laboratory  (CFRl ) is  developing  a computeiued  sys- 
tem tv'  help  Facilities  Engineering  personnel  manage 
the  maintenance  and  tepait  of  pavements  1 ' The  sys- 
tem, called  PAVI  K,  includes  1 1 1 a pavement  inspection 
procedure,  t ')  a set  ot  input  forms  lot  entering  relevant 
pavement  information  into  a computeii/cd  data  base, 
( 'I  a set  of  repott  outputs  for  retrieving  information, 
and  (41  a computer  interactive  program  for  performing 
economic  analysts  between  various  maintenance  and 
repart  alternatives 

To  further  help  the  pavement  engineer  evaluate 
pavement  and  determine  MAR  requirements,  a need 
was  identified  for  developing  a method  to  determine  a 
pavement  condition  index  (PCI)  based  on  data  gathered 
fri'in  the  pavement  inspection. 

CFRl  has  developed  a method  for  the  Air  Force  tor 
determining  the  PCI  for  airfield  pavements  4''  which 
has  been  successfully  field -tested  hv  several  An  Force 
Major  Commands  and  is  expected  to  be  formally 
adopted  fhe  development  of  PCI  for  road  and  siieets  is 


1 1'  \V  Kami,  Pavement  Pvaluarton  til  (Maine  Pepartment 
i'i  Transportation,  Mateiials  and  Research  Division.  August 
I9?y>,  pp  ?s 

"M.  V Shahm.  M I i'artet.  I M Roranski,  and  K Staik, 
IVvelopment  i*t  an  Installation  Surface J l-ru  Maintenam y atul 
Refstir  I tanagement  System,  IXvhmoal  Inforiiiation  Pamphlet 
l'-4<J  ADAH  I 't’8  (Construction  Engineering  Research  I abora 
tors  |l'ERl  | , September  tl’51 

*M  V Shahin,  M.  I Darter,  ami  T . M Roranski,  I'uvement 
Inspection  Refer erne  Manual.  Technical  Information  Pamphlet 
CAR  ADAM  ?.»:<»  (CFRI  .September  !<»?$> 

4M  V Shahin  and  I M Koianski,  lurottwred  Pavement 
Maintenance  anj  Re /'an  Management  System.  Interim  Repott 
C ’>»  ADA0425N2  (OERl  .June  I1 * * 4*”! 

M.  V Shahin,  M.  I Darter,  and  S |1  kohn,  IVtvelopment 
i’l  a ftivement  Maintenance  Management  System,  l ot  I,  AirtieU 
l\n  ement  Conjilion  Rating.  Report  Number  AfX'TX  I R > ” 
(Ait  I orce  Civil  Engineering  Center  |AIXTC| , November  l*)7M 


paiiiallv  based  on  expenence  gained  in  developing  the 
PCI  toi  auticlds,  *•  which  ptovtded  valuable  input  Toi 
improving  distress  definitions  foi  loads  and  siieets 

Objective 

fhe  objective  of  this  study  is  to  develop  a PCI  toi 
pavement  condition  laling  of  roads  and  stieets,  which 
will  provide  the  pavement  engineer  with 

1.  A standaid  method  toi  condition  latmg  of  pave 
ment  sections  in  teimsof  stiuctuial  integrity  andsuitace 
operational  condition. 

' A method  toi  comparing  the  condition  of  diffei 
ettt  pavement  seettv'trs  on  the  installation  m oidei  to 
determine  maintenance  and  iep.ni  (MARI  needs  and 
priorities. 

A teed  back  on  pavement  peifoitnance  fconditton 
history ) determined  fiom  accumulation  of  PCI  data  toi 
many  years.  Knowledge  ot  pavement  performance  and 
previously  applied  MAR  will  assist  the  pavement  engi 
neet  in  validating  and  or  improving  MAR  policies 

Approach 

This  study  was  accomplished  bv  the  following  steps 

I Selecting  a pavement  condition  index  scale  and 
the  cortesponding  condition  ratings 

2.  Defining  distiess  types  and  severities  lot  asphalt 
and  concteie-sui  laced  roads 

d.  Developing  deduct  curves  tor  detennining  the 
deduct  values  toi  each  combination  of  distress  type, 
severity , and  amount 

4 Developing  collection  curves  for  collecting  the 
sum  ot  deduct  values  when  there  is  mote  than  one  com 
bmation  of  distress  type  and  sevetitv 

5.  Determining  the  PCI  as  the  maximum  possible 
seote  minus  the  collected  sum  of  the  deduct  values 

- i 

** Vt  y Shahin,  M t Darter,  and  S D Kohn,  IMielopment 
ot  a Pavement  Maintenance  Management  System,  I \sl  II,  X < - 
tielJ  Pavement  Distress  IJentiflcathm  Manual.  Report  No 
•VI  Ct  C TR  tATCEC,  November  tS’pl 

|l  V Voss,  R 1 Terrel.  I i inn,  and  l'  Mom  . X Any 
"ten l t'valuarion  System  tor  Maintenance  Management,  a papci 
prepared  for  presentation  al  the  Western  Summer  Meeting. 
High  was  Research  Roaid.  (llynipla,  Washington  ( Vugust  I 4 ’ ll 
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(v  Htdd  testing,  levisurg,  atul  improving  the  distress 
Je  tin  it  ions,  deduct  curves,  and  co.  rection  curves  so 
that  the  dtsttess  detimtions  represent  actual  field  con 
ditnrns  and  sir  that  the  IYI  tepresents  the  collective 
tudginent  ot  experienced  pavement  engineers  regarding 
the  pavement  structuial  integrity  and  surface  opeta- 
tional  condition 

Scope 

This  report  describes  the  preliminary  development 
ot  the  pavement  condition  rating  piocedure  foi  roads 
and  stieets  Since  the  piivedure  has  been  field  tested 
only  once,  further  tests  will  be  required  before  it  is 
finalized  During  that  time,  the  procedure  will  be 
extended  to  be  applicable  lor  surfaced  parking  lots, 
storage  areas,  and  hard  stands. 

Mode  of  Technology  Transfer 

Technology  transfer  will  be  by  incorporation  into 
the  computerized  PAYER  system  in  EY78  and  incor- 
poration into  an  Army  Technical  Manual  in  EY70 


2 CONCEPTS  AND  THEORY 


Introduction 

Several  factois  affect  a pavement’s  condition  ill 
structural  integrity  (the  ability  ot  a pavement  to  hold 
together  under  current  tiaffic),  (2)  structural  capacity 
(the  maximum  load  a pavement  can  carry),  (8)  rough- 
ness, and  (4)  skid  resistance  hy  droplaning  potential. 

To  accurately  reflect  the  pavement's  condition,  a 
condition  index  should  consider  all  of  these  factors. 
Direct  measurement  of  these  condition  indicators 
requires  expensive  equipment  and  highly  trained 
personnel  Indirect  measurement,  however,  can  be 
accomplished  bv  measuring  observable  distress  in  the 
pavement  One  advantage  of  this  method  is  that  very 
little  equipment  is  required  (a  measuring  wheel  and  a 
straight  edge).  In  addition,  if  the  distress  types  are 
carefully  defined  and  described  in  an  inspection  manual, 
nearly  any  one  can  collect  the  needed  data  with  a min- 
imum of  training.  Another  advantage  is  that  the  obser- 
vation and  recording  of  existing  disttess  provides  the 
principal  information  needed  for  determining  mainte- 
nance and  repair  requirements.  A pavement  condition 
index  based  on  existing  distress  is  therefore  closely 
related  to  the  amount  of  work  required  to  repair  the 
pavement. 


Tiguies  1 and  7 show  how  observable  pavement  dis- 
tiesses  lelate  to  condition  indicators  in  concrete  and 
asphalt  pavements,  tespectively . Structural  capacity 
and  localized  toughness  can  be  measuted  by  observing 
cettaia  ty  pes  of  distresses,  such  as  rutting  and  s lacking 
Skid  icsistance  hydioplaning  is  mtened  from  distiesses 
such  as  bleeding  and  polished  aggregate 

The  following  text  dexenbes  the  theory  used  to 
develop  the  IYI  based  on  obseivable  pavement  disttess 

Mathematical  Expression  of  the  PCI 

The  degree  ot  pavement  detenoiation  is  a function 
of: 

I Types  of  distress 

2.  Severity  of  distress,  such  as  spalling  of  cracks  or 
depth  of  ruts 

T.  Amount  ot  density  of  distress,  which  can  be 
expressed  as  a percentage  of  the  total  pavement  area. 

Each  of  these  distress  characteristics  has  a significant 
effect  on  how  the  overall  amount  of  physical  pavement 
deterioration  is  determined.  If  any  of  these  three  chai- 
acteristics  is  ignored,  developing  a meaningful  condition 
index  will  be  difficult. 

Because  there  are  several  types  of  distress,  several 
possible  degiees  of  severity  foi  each  ty  pe,  and  a wide 
range  of  amount  or  density  for  each  ty  pe,  combining 
the  effects  of  these  three  chaiacteristics  into  one  index 
is  the  major  problem  in  deriving  a condition  index. 
After  evaluating  curtent  methods,  s u a model  for  ex- 
pressing IYI  was  developed.  The  model  is  based  on 


SM  X Shalrin  and  t XI  Koranski.  Automate,/  IMeemenr 
Wain  rename  an, I Re/wir  Management  System . Technical  infor- 
mation Pamphlet  C 74/  \l)AlM2$N2  il  l R1  , June  in1’) 

°M  Y.  Shalrin.  Nt  I Harter , and  S TV  kohn. Peeelopment 
of  a Pavement  Maintenance  Management  System.  I .V/,  UrtMJ 
Pavement  Condition  Katiny.  Report  Number  AIT'iT'  tR  > 
(AET'l-r,  November  IT7fO 

,0M.  Y.  Shalrin.  M I t'arler,  and  S.  IV  kohn.  Iteeelopmcnt 
of  a Pavement  Maintenance  Management  System,  I ol  II.  ti> 
.Held  Pavement  Pis  tress  IJentitU'ation  Manual,  Report  No 
AIVFY  -TR  -7b  -77  ( At  XT  l'.  November  1>»7M 

"o.  A Voss.  R I lerret,  I Finn,  anil  1>  Mover . t /Yrv 
ment  Evaluation  System  tor  Maintenance  Mancyemenr.  a paper 
prepated  for  presentation  at  the  Western  Summer  Meeting. 
Highway  Research  Hoard,  Olv  mpta,  Washington  r August  t d - rr 

15  R,  V.  IfClere  and  f.  R Marshall.  I Pavement  i'ondition 
Katina  Svstem  and  Its  l se.  Symposium  on  Pavement  I valua- 
tion, A APT  Proceedings  ( t UnUr 
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weighting  values (called  deduct  values ) that  ate  functions 
>>t  the  tv  pes.  seventies,  and  vienstties  ol  visible  distresses 
The  deduct  values  tut  distresses  in  a given  pavement  ate 
added  and  then  adjusted  based  on  both  the  nurnbei  »»t 
deduct  values  anil  their  sunt  The  adiusted  sum  is  sub 
traded  front  the  ma\ttnunt  possible  IH '1  The  s^ale 
selected  tor  determining  the  IV I is  shown  in  Ftguie  >. 
where  HHt  was  chosen  as  the  maximum  possible  IVI, 
t e . the  IVI  ot  a pavement  with  no  visible  distiess  This 
model  can  be  expressed  mathematical!)  as  follows 


P "M 

IVI  100  ^ ^ atTrS  . l>  ) F(t,dl 

r*  l i*l 


RATING 


EXCELLENT 


where  PCI  1 Pavement  Condition  Index 

at  I = deduct  value  depending  on  distress 
type  T,,  level  ot  severitv  S..  and 
density  of  distiess  !>,, 
i = counter  for  distiess  types 
j = counter  tot  severity  levels 
p “ total  number  of  distress  ty  pes  tor  pave 
ment  tvpe  under  consideration 
ill,  --  number  of  severity  levels  for  the  i,h 
ty  pe  of  distress 

F(t,d)  = an  adiustment  function  for  multiple 

distresses  that  vary  with  total  summed 
deduct  value  (0  and  number  of  deducts 
Id) 

A pavement  section's  PCI  can  be  determined  from 
li)  I only  when  the  following  information  is  known 
(Figure  4) 

Distress  Types 

Fach  distress  type  in  the  pavement  being  evaluated 
must  be  identified  and  described  Figure  5 is  an  example 
description  of  alligatoi  oi  fatigue  cracking  fot  asphalt- 
surfaced  pavements 

Distress  Seventy 

Most  distress  tvpes  occur  in  various  levels  of  severity  , 
which  must  each  be  defined  explicitly  These  definitions 
must  be  written  so  that  field  engineers  can  consistently 
identify  a given  distress  t\  pe  and  seventy  Figure  5 pro- 
vides example  descriptions  of  the  levels  of  severity  of 
alligator  or  fatigue  cracking 

Deifact  V slues  e(T/  Sr  D^l 

IVduct  values  as  functions  of  distress  type  (T,),  level 
of  severitv  ( S,  >.  and  density  (0„)  must  be  determined, 
as  illustrated  in  the  following  example  (Chapter  d pro- 
vides  a detailed  descrip  ton  > A nraior  structural  distress 
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Figure  .V  Scale  used  fot  Pavement  Condition  Index  (PCI) 
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Figure  4 Intoimation  needed  to  determine  the  Pavement 
Condition  Index  using  Fq  l . 


ot  asphalt -surfaced  pavement  is  alligator  or  fatigue  crack- 
ing (.Figure  >)  Deduct  values  must  be  determined  ovet 
a range  of  density  (t.e.,  percent  a tea)  of  distress  The 
deduct  values  must  be  based  on  some  selected  rating 
scjle,  such  as  a scale  ranging  from  0 to  100.  with  0 
deduct  indicating  the  distress  has  no  impact  on  pave- 
ment condition  and  100  deduct  indicating  an  extremely 
serious  distress  which  causes  the  pavement  to  fail. 
Deduct  values  can  then  be  assigned  to  a given  density 
and  level  of  severity  based  on  the  impact  of  the  distress 
on  pavement  condition  (see  Chaptei  d).  Figure  t>  gives 
example  deduct  curves  tot  alligator  clacking  for  three 
levels  of  severity  (low,  medium,  and  high),  and  densi- 
ties tanging  from  0.1  to  100  percent  of  total  pavement 
areas  A pavement  section  having  1 percent  of  high 
severity  alligator  cracking  would  have  a deduct  value  ot 
2d,  and  the  PCI  would  he 

PCI  ”100  2d  = 77 

Curves  like  those  shown  in  Figure  t>  must  be  derived 
for  each  distress  type  and  severity  level.  These  curves 
are  based  on  the  assumption  that  only  one  disttess  tv  pe 


at  a given  level  ot  seventy  existv  in  the  pavement  sec 
tion,  the  curves  aie  based  on  a scale  ot  0 to  100 

Adjustment  Function  tor  Multiple  Distress  Types  IF) 
An  adjustment  function  must  be  developed  so  that 
pavement  sections  having  mote  titan  one  dtstiess  can  be 
evaluated  using  the  curves  described  above  1 lie  deduct 
values  aie  not  linearly  additive,  because  as  additional 
disttess  types  and  oi  severity  levels  oceui  in  a given 
pavement  section,  the  lesulting  impact  ot  those  dis 
tresses  become  smaller  Development  of  this  function 
is  piesented  in  Chaptei  d 


3 DEVELOPMENT 

This  chapter  describes  the  development  of  the  pie- 
lun  in  ary  pnvedure  foi  determining  the  pavement  con 
diriott  index  (PCI)  lot  roads  and  stieets 

Development  of  Distress  Definitions 

Definitions  of  pavement  distresses,  including  high  , 
medium-,  and  low  -severity  levels  lor  each  type  of  distress, 
were  developed  a few  yeais  ago  1 ' In  the  process  of 
developing  the  PCI  for  airfield  pavement.  ’41'  valuable 
experience  was  gained  toward  improving  the  disttess 
definitions  foi  roads  and  stieets  Based  on  this  experi- 
ence, the  distress  severity  definitions  were  improved 
foi  use  in  calculating  the  PCI  for  roads.  Figure  5 provides 
a definition  for  alligator  or  fatigue  cracking  in  asphalt 
pavement 

Development  of  Deduct  Values 

Deduct  values  are  numbers  that  represent  the  effects 
that  distresses  have  on  a pavement's  structural  integiity 
and  surface  operational  condition.  A deduct  value  ts  a 
function  of  the  type,  severity  .and  density  of  a dtstiess 

Deduct  values  vvete  developed  hv  evaluating  hypo- 
thetical "sample  units”  of  pavement  Sample  unit  sizes 

''m  y Shahm.  M I 1 tarter.  I M Roranski.  anJ  R Sunk. 
Onateganw a/aa  ItsssMuiott  Swjeced  tna  MMMvnanerMd 
Kc/iai'  ttj’uif-u-nr  System,  technical  Infornatlon  Aimphlef 
t'-PJ  Mvvot  7.t?s  tCI  Kl . September  11751 

M\I  1 Shahm  amt  I M Roranski.  AuronumJ  )\iveme*it 
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Name  of  Distress:  Alligator  ('racking 

Description.  Alligator  or  latigue  cracking  is  a series  of  interconnecting  cracks  caused  by  fatigue 

failure  of  the  asphalt  concrete  surface  under  repeated  traffic  loading.  The  clack- 
ing initiates  at  the  bottom  of  the  asphalt  surface  (or  stabilised  base)  where  ten- 
sile stress  and  strain  is  highest  under  a wheel  load.  The  cracks  propagate  to  the 
surface  initially  as  a series  of  parallel  longitudinal  cracks.  Alter  repeated  traffic 
loading,  the  cracks  connect,  forming  many-sided,  sharp-angled  pieces  that  de- 
velop a pattern  resembling  chicken  wire  or  the  skin  of  an  aiiigator.  The  pieces  are 
less  than  2 ft  (.(>  m)  on  the  longest  side. 

Alligator  cracking  occurs  only  in  areas  that  arc  subjected  to  repeated  traffic  load- 
ings, such  as  wheel  paths.  Therefore,  it  would  not  occur  over  an  entire  area  un- 
less the  entire  area  was  subjected  to  traffic  loading.  Pattern-type  cracking  which 
occurs  over  an  entire  area  that  is  not  subjected  to  loading  is  rated  as  block  crack- 
ing, which  is  not  a load-associated  distress. 

Alligator  cracking  is  considered  a major  structural  distress  and  is  usually  accom- 
panied by  rutting. 

Severity  Levels:  L*  bine,  longitudinal  hairline  cracks  running  parallel  to  each  other  with  none  or 

only  a few  interconnecting  cracks.  The  cracks  are  not  spalled. 

M F urther  development  of  light  alligator  cracking  into  a pattern  or  network  of 
cracks  that  may  be  lightly  spalled. 

H Network  or  pattern  cracking  has  progressed  so  that  the  pieces  are  well  defined 
and  spalled  at  the  edges;  some  of  the  pieces  rock  under  traffic. 

Note:  Spalling  of  the  cracks  is  a breakdown  of  the  material  along  the  sides  of  the  crack. 

Mow  to  Measure:  Alligator  cracking  is  measured  in  square  feet  of  surface  area.  The  major  difficulty 

in  measuring  this  type  of  distress  is  that  two  or  three  levels  of  severity  oftcr 
exist  within  one  distressed  area.  If  these  portions  can  be  distinguished  easily 
from  each  other,  they  should  be  measured  and  recorded  separately.  However,  if 
the  diftcren'  levels  of  severity  cannot  be  divided  easily,  the  entire  area  should  be 
rated  at  the  highest  severity  level  present. 

*1.  Low  severity  level 
M Medium  severity  level 
H High  severity  level 

Figure  5.  Example  description  of  a distress  and  definition  of  its  severity  levels. 


12 


W 


I 


of  251X1  sq  ft  (225  in*)  for  asphalt  and  20  slabs  for 
jointed  concrete  (a  slab  length  of  30  ft  ('>  nr)  or  loss 
was  assumed)  were  chosen  based  on  experience  in  devel- 
oping the  K'l  for  airfields,  bach  hypothetical  sample 
unit  contained  one  distress  at  a particular  severity  level 
and  at  one  of  five  density  levels.* 

bach  member  of  the  project  staff  evaluated  each 
sample  unit  and  independently  assigned  the  sample 


* t he  densities  of  concrete  distress  were  computed  by  divld 
ina  the  number  of  slabs  containing  the  distress  by  the  total 
number  of  slabs  in  the  sample  unit  t he  densities  of  most  as 
phalt  distresses  were  computed  by  dividing  the  surface  area  of 
distress  by  the  sample  unit  area.  I dgc cracking  and  longitudinal 
transverse  cracking  densities  were  expressed  in  ft /|00  sq  ft  ('> 
m* ) potholes  in  number  of  potholes/100  sq  ft  (U  m* ). 


units  numerical  ratings  according  to  the  IVI  scale 
(b'igute  3) 

The  ratings  were  averaged  lot  each  sample  unit  and 
subtracted  from  100  to  produce  the  deduct  values  toi 
each  distress  severity  density  combination  I ot  exam 
pie,  for  medium-severity  block  clacking  at  30  petcenl 
density  , the  average  of  the  sample  unit  tatmgs  was  7t> 
(vety  good),  l'he  deduct  value  was,  theiefoie,  MX)  7p 
- 24 

Hot  each  severity  level  of  each  distress,  the  deduct 
values  vvete  plotted  against  the  corresponding  densities, 
and  smooth  curves  were  drawn  through  the  points  to 
produce  the  deduct  curves. 

figure  (i  shows  the  deduct  curves  tot  alligatoi  ctack 
ing  for  asphalt-surfaced  pavements. 
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Development  of  Correction  Curves  (Adjustment 
Function) 

t he  collection  curves  ate  used  to  adjust  the  sum  ol 
deduct  values  I'm  those  pavements  that  have  mote  than 
one  combination  ol  distress  type  and  severity  1 he  ad 
justincnt  is  a function  ol  llic  magnitude  ol  tin  sum  ol 
deduct  values  and  ol  the  nunihei  ol  distiess  tv  pe  sevei 
ity  combinations. ,*'1  I he  higher  the  sum  o!  deduct 
values  and  the  number  of  combinations,  the  higher  the 
adjustment  is 

The  correction  curves  were  developed  m the  office 
by  having  each  mcinbci  ol  the  project  stall  late  hypo- 
thetical sample  runts  containing  mine  than  one  distiess 
type  seventy  combination  I 01  each  sample  unit,  the 
tattugs  were  averaged  and  subtracted  from  100  to  pro- 
duce the  collected  deduct  values 


Corrected  deduct  values  were  then  plotted  against 
the  sum  of  the  individual  deduct  values  for  the  sample 
unit,  hot  example,  lot  an  asphalt  pavement  sample  unit 
with  a sum  of  deduct  values  of  SO  and  a three  distiess 
type  severity  combination,  the  average  lating  of  the 
project  stall  was  42  I'lie  collected  deduct  value  was, 
therefore,  100  42  PS  This  was  plotted  against  the 

sum  of  the  individual  deduct  values,  which  was  SO 
Othei  sample  units  with  tlnee  disliesses  (each  having 
an  individual  deduct  value  gieatei  than  x’lvveie plotted 
on  the  same  graph.  A smooth  curve  wasdtuwn  thiough 
the  points,  as  shown  in  I iguie  7 fhe  extent  of  correc- 
tion increases  as  the  sum  of  deduct  values  increases 

Similar  "correction  curves"  were  developed  lor  i| 
(the  uumbei  of  distresses  with  deduct  values  gieatei 
than  5 ) equal  to  2,  -4,  <\  and  S. 


Initial  Field  Test 

Hoi  turns  of  some  local  ettv  streets  were  sntveyed  to 
initially  verify  the  distress  definitions,  deduct  curves, 

'"M  Y Sliahin  and  t M Ruzanskt,  -turonitKed  Pavement 
Maintenance  an./  AY/xi/r  Management  Svttem,  t echnical  Inlot 
illation  Pamphlet  1 ' 7»»/AI >.-\04  ’ SK  ’ (C  I K1  , tune  t **77> 

1 M V Sliahin,  M I Hailer,  and  S I'  knlin, /Vir/n/rmenr 
ol  it  Pavement  Maintenance  Management  System.  I oil.  I irftelii 
I'atement  I'unJitlon  Kalin*.  Hepori  Number  At  Cl  l’  IK  ’h  27 
(Alll  C,  No  vein  her  I ‘>761 

•Previous  experience  luil  shown  that  distresses  with  deduct 
values  ol  less  than  S hid  little  effect  oil  pavement  crindltion 
Counting  them  would  distort  the  adjustment  function 


and  correction  curves  developed  tu  the  office  lire 
conditions  ol  sample  units  ol  approximalely  2500  sq  ti 
(22x  nr’ I tot  asphalt  loads  and  20  slabs  loi  corn  icle 
loads  were  surveyed,  and  the  amount  of  each  distress 
ty  pe  ai  a given  severity  was  measured. 

l acb  ol  the  ilnee  members  of  the  pioject  stall 
assigned  each  sample  unit  a numerical  rating  according 
to  the  ft  I scale  shown  in  Figure  3 In  addition,  each 
sample  unit  was  related  loi  all  hut  one  distress  type 
severity  combination,  l ire  field  deduct  values  were  then 
deteiimned  by  subtracting  the  average  lating  assigned 
by  the  project  stall  from  the  maximum  possible  score 
ol  100 

llie  deduct  values  were  also  calculated  m the  office, 
using  the  developed  deduct  and  correction  curves  A 
comparison  of  these  values  with  the  field  deduct  values 
indicated  the  following  information. 

1 . Many  ol  llie  distress  deduct  values  developed  m 
the  office  were  higher  than  those  obtained  I tom  the 
field  I Ins  was  thought  to  be  partially  because  the  pit* 
ject  staff  was  still  influenced  by  their  previous  expen 
ence  in  developing  the  IV I for  airfields,  where  the  ills 
tresses  have  a more  adverse  effect  on  stu face  operational 
condition. 

2.  llie  effect  of  some  distiess  types  is  less  on  low- 
speed  toads  Ilian  on  high-speed  roads 

It  was  also  found  thiough  the  field  sinvex  that  some 
definitions  of  distiess  severity  levels  did  not  lellect 
field  conditions  accurately. 

All  data  obtained  from  this  field  lest  were  used  to 
levise  the  distiess  definitions,  deduct  cutves, and  coiree 
lion  curves,  figures  AI,  A2,  If  I,  and  H2  m Appendices 
A and  B provide  the  distress  definitions  and  curves  lor 
jointed  concrete  and  asphalt  surfaced  pavements,  re- 
spectively I’lie  IVI  is  a valid  technique  for  compating 
pavements  in  terms  of  structural  integrity  and  stufaee 
npeiation.il  condition  against  a common  standaid.  It 
can  be  used  by  the  pavement  engineer  as  an  effective 
tool  to  communicate  pavement  condition  to  manage- 
ment and  as  an  aid  in  determining  the  need  lot  M&R 
It  should  be  emphasized,  however,  that  mine  field 
tests,  revisions,  and  impinvcments  ate  neve  scan  before 
the  pavement  condition  rating  procedure  is  finalized 
for  implementation 
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Introduction 

1\>  avvutatcly  calculate  the  l‘t  I loi  a section  ol  pave 
men  I.  a thoiotigh  inspection  must  be  made  todoteinune 
tho  types.  quantities,  ami  severities  ol  distiess  existing 
m (In-  pavement  * I lie  pavement  inspection  must  he 
caielullx  planned  and  poifoiniod  avcoidtng  to  the  guide 
lines  presented  hete 

l'heie  aie  two  methods  ol  peifonnmg  pavemeni 
inspections,  ioi  both  methods,  the  pavemeni  section 
imisi  be  divided  into  subsections  called  "sample 
unit's  " I lie  tu st  method  leipilies  insp«\  mm  ol  all  sample 
units  in  the  section  (mspei  lion  ol  (lie  entne  sev  lion)  (lie 
second  method  tevpiires  inspection  ol  oulv  a poition  ol 
the  sample  units  in  the  section  t inspection  b>  sail  pling) 
Inspection  h\  sampling  is  explained  in  gieatei  detail  at 
the  end  ol  this  chaplei 

I oi  both  methods,  all  the  sample  units  m the  si\  lion 
must  he  assigned  sample  unit  ninnheis  hollowing  ate 
msiiuclions  tsvi  inspecting  the  individual  sample  units 

Equipment 

I'lie  equipment  needed  to  peitoim  the  mspeciion 
includes  a measmmg  wheel  (odomelei),  a b oi  I ' inch 
rulei.and  a It)  tl  stiaightedge 

Inspection  ot  Sample  Units  tot  Jointed  Concrete 
Pavement  Sections 

I oi  lointed  conciele  pavement  sections,  a sample 
unit  should  consist  ol  appioxnuaiely  .'0  slabs  liguie 
X shows  an  example  ol  a pavemeni  section  divided  into 
sample  units  Each  “sample  mill”  is  inspected  individ 
nails  In  walking  ovei  each  slab  ol  the  unit  for  ovei  the 
shouldei  oi  sidewalk  il  tiallic  contiol  is  not  piovidedl 
and  lecotding  disliess(es)  on  the  Sample  Unit  luspec 
tion  Sheet  (I  igure  '*) 

A sketch  should  he  made  on  the  iuspei  lion  sheet 
ol  the  sample  unit,  using  the  prepitnled  dots  as  |oml 
mteisections  1 lit*  dtstiess  codes  and  seventies  ot  each 
disticss  except  joint  seal  damage  should  be  leconled 
on  the  sketch  in  the  sipiaie  that  couesponds  to  the 
slab  in  which  the  distress  was  found  hoi  example,  in 

• l lu-  luspiv  lion  procedure  lias  I'l'on  pi  evented  as  an  appen 
dix  in  lufimwred  l\iienunt  Himirend*iiv  aiitl  Nf/hw  t/.imivv 
ment  Swi>  »i.  I'\  M V Slulun  and  I M Ri'ianski,  hiieiiin 
Ki'I'kii  l ’<)  \t*  ViU.’XN  l I Kl  turn'  Id”,  however,  l(  is 
I'Tfst'iiii'd  lu'ie  lm  I hr  user's . I'liven  teller 


figure  d,  the  notation  indicates  that  medium 

seventv  level  lincai  clacking  was  lound  m the  lust 
slab 

Ihe  total  numhei  ol  slabs  loi  each  seventv  level  ol 
each  distiess  tv  pe  ill  the  sketch  should  he  suininail/ed 
in  the  "Uisiiess  Summaiy " ponton  ol  the  inspection 
sheet  Also,  the  oveiall  rating  lot  |omt  seal  damage 
should  be  locoided  by  entering  I , M,  oi  it  on  the  hue 
piepiinted  with  distress  code  > 

Impaction  ot  Sample  Units  tin  Asphalt  and 
tai  Surfaced  Pavement  Sections 

I oi  Ilex it'le  pavements,  sample  units  should  he  ap 
pii'Ximalelv  'siHI  si|  It  f.'xx  m I I tgme  III  shows  an 
example  ol  a pavemeni  section  divided  into  sample 
units 

I ach  sample  is  inspected  individually  by  walking 
ovei  (lie  uni!  foi  ovei  the  shouldei  oi  sidewalk  d Halt  is 
contiol  is  not  piovided),  measuilng  each  distiess  lype 
and  seventy  .and  lecoulmg  the  data  on  the  Sample  Unit 
Inspection  Sheet  (I  iguie  III  \ sepaiale  column  is 
used  lo  leconl  the  ipumtiiies  and  seventies  ol  each  ills 
dess  t\  pe  found  m the  sample  unit.  In  I he  example 
shown  m figure  I I , the  Ihst  distiess  encounleied  was 
10  It  f.t  m)  ol  low  seventy  level  longitudinal  ciacking, 
so  the  tli st  column  was  headed  with  distiess  code  s, 
and  "101."  was  entered  In  that  column  Ihe  next  ills 
ness  encountered  was  a l<>  sq  li  1 1 1 m ) aiea  ot  modi 
urn-severity  level  alligatoi  ciaekmg.  so  the  second 
column  was  headed  with  distiess  code  I.  and  ”lt>M" 
was  entered  m that  column  Ihe  next  distiess  was 
x 0 1 1 ' m)  ol  low  level  liaiisvetso  ciacking.  so  "M  " 
was  enleied  in  (he  column  headed  by  distiess  code  * 
Aftei  the  inspection  is  completed,  ipiantines  should 
he  totaled  at  the  bottom  ol  each  column 

Impaction  try  Sampling 

Inspection  ot  oven  sample  mill  m a pavement  section 
may  leipiue  consideiahle  el  foil , espei  tally  it  the  soi  tion 
is  veiy  huge  flits  is  pailivulaitv  tine  loi  asphalt  oi  tai 
sm faced  pavements  vniitauiutg  much  distiess  because 
ot  the  time  and  eflorl  involved,  fieipient  smvey  s ol  an 
entne  section  sul'icvted  to  a heavy  1 1 at t is  volume  may 
he  beyond  available  m.mpovvei,  funds,  and  time  l'heie 
line,  a sampling  plan  was  developed  lo  allow  adequate 
detetmtnatioii  ol  the  !VI  and  maintenance  and  tepau 
needs  by  inspecting  only  a poition  ol  the  sample  units 
in  a pavement  section  Use  ol  the  statistical  sampling 
plan  desviihed  m this  section  will  leduce  Inspection 
time  consideiahly  without  significant  loss  ol  acvuiacs 
Use  ol  the  sampling  plan  piesenled  is  optional  In  fact, 


Figure  %.  Illustration  of  division  of  a pavement  section  into  sample  units  of  20  slabs. 
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JOINTED  CONCRETE  PAVEMENT 
SAMPLE  UNIT  INSPECTION  SHEET 


FACILITY  NAME  OR  NUMBER 

SAMPLE  UNIT  NUMBER 2_ 


SECTION  NUMBER 


RANDOM  ADDITIONAL  □ 


NUMBER  OF  SLABS 
IN  SAMPLE  UNIT 


_2£L 


• 

• 

• 

• 

• 

DISTRESS  TYPES  AND  CODES 

10 

21. 

BLOW  UP 

31. 

SCALING 

22. 

LINEAR  CR 

32. 

DIVIDED  SLAB 

• 

• 

• 

• 

• 

(Long, Trons,  and 

33. 

JOINT  SPALLING 

Dlag) 

34. 

CORNER  SPALLING 

9 

23. 

DURABILITY  CR 

35. 

CORNER  BREAK 

• 

• 

• 

• 

• 

24. 

FAULTING 

3& 

SMALL  PATCH 

25. 

JOINT  SEAL  DAM 

(Less  than  5 Sq.  Ft.) 

8 

26 

RATCH/UTIL  CUT 

37 

SHRINKAGE  CR 

27. 

POLISHED  AGG 

38. 

DEPRESSION 

• 

• 

• 

• 

• 

28. 

POPOUTS 

39. 

SHOULDER  DROP 

29. 

PUMPING 

40. 

OVERALL  DETER 

30. 

RR  CROSSING 

41. 

OTHER 

22  L 

35  M 

■ 

H 

22  M 

B 

DISTRESS  SUMMARY 


DIST. 

CODE 

SEV 

TOTAL 
NMBR  OF 
SLABS 

25 

M 

>i  > -s*l 

22 

L 

1 

22 

M 

2 

34 

L 

2 

35 

L 

mam 

35 

M 

mu 

Figure  9.  Jointed  concrete  pavement  Sample  Unit  Inspection  Sheet. 
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Figure  10.  Example  division  of  asphalt-  or  tar-surfaced  pavement  section  into  sample  units. 


SAMPLE  UNIT  NUMHtK L 


RANDOM 


ADDITIONAL 


AREA  OF  SAMPLE  . 


1 

2 

3 

4 

5 

6 
T. 
8 

9 

10 


DISTRESS  TYPES  AND  CODES 
CR 


ALLIGATOR 
BLEEDING 
BLOCK  CR 
BUMPS 

CORRUGATION 
DEPRESSION 
EDGE  CR 
LONG /TRANS  CR 
PATCH  /UTIL  CUT 
POLISHED  AGG 

'ALL  DISTRESSES 
8,  AND  16 


ARE 


11  POTHOLE 

12  RR  CROSSING 
13.  SLIPPAGE  CR 

14  WEATHER/ RAVEL 

15  REFLECTION  CR 

16  RUTTING 

17  SWELL 

18  SHOVING 

19.  OVERALL  DETER 
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Figure  II.  Asphalt  or  tai-surtaced  pavement  Sample  Unit  Inspection  Sheet. 
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inspection  of  the  entiie  section  may  he  necessaty  it 
exact  quantities  of  distress  must  he  known  tot  contuse - 
tual  maintenance  work. 

Datarmining  the  Numbar  of  Samples 

The  minimum  numhei  of  sample  units  to  be  inspected 
should  be  determined  fiom  Figures  I - and  1 3 for  jointed 
concrete  and  asphalt-  or  tar-surfaced  pavements. respec- 
tively The  numbers  obtained  from  these  figures  will 
insure  adequate  accuracy  in  determining  the  pavement 
section  condition. 

Salaction  of  Samples 

Determining  which  sample  units  to  inspect  is  as 
important  as  determining  the  minimum  number  of 
samples.  Samples  must  be  selected  randomly  to  insure 
an  unbiased  result.  Random  selection  can  be  accom- 
plished by  using  a random  number  table.  If  the  number 
of  sample  units  in  a section  exceeds  10.  stratifying  the 
section  is  lecommended.  Stratify  mg  the  section  involves 
dividing  it  into  a number  of  parts  called  strata.  An 
equal  number  of  sample  units  is  then  randomly  selected 
front  each  stratum,  as  illustrated  in  the  following 
example . 

Figure  10  shows  the  section  to  be  inspected;  it  con- 
tains a total  of  .5  sample  units  numbered  from  I to  '5. 
The  required  minimum  nuntbei  of  sample  units  is  detei- 
mined  to  be  10  (from  Figure  13)  The  section  can  be 
divided  into  five  strata  of  five  sample  units  each. 

Stratum  1 Sample  units  I through  5 

Stratum  2 Sample  units  b through  10 

Stratum  3 Sample  units  1 1 through  15 

Stratum  4 Sample  units  In  through  20 

Stratum  5 Sample  units  21  through  25 

Two  sample  units  are  selected  at  random  from  each 
stratum  using  a random  number  table,  such  as  shown  in 
Table  I . Units  can  be  selected  for  this  example  by  start- 
ing with  any  two  digits  in  the  table.  The  starting  point 
in  this  example  is  at  columns  5 and  t>  of  row  10  where 
the  two-digit  number  "17”  is  located.  To  select  two 
sample  units  for  Stratum  I . two  random  numbers  be 
tween  01  and  05  must  be  selected.  Proceeding  down 
columns  5 and  t>  from  the  starting  point,  the  first  two 
random  numbers  encountered  that  fall  between  01  and 
05  are  03  (row  In)  and  01  (row  25).  therefore,  sample 
units  01  and  03  will  be  inspected.  The  process  would 
then  be  repeated  for  the  other  four  strata.  If  the  required 
units  have  not  been  obtained  when  the  bottom  of  the 


column  is  reached,  tlrcv  can  be  obtained  by  pioceedmg 
as  before  ftom  an\  other  tow-column  combination,  in 
this  example,  row  00  and  columns  20  and  21  were 
selected.  The  numbers  selected  using  this  procedure 
aie  circled  in  Table  I 

Strata  Sample  Units  Selected 

Stratum  i (i-5)  01 ,03 

Stratum  2 (6-10)  0*4 . 1 0 

Stratum  3 (l  1-1 5)  12,13 

Stratum  4 ( ln-20)  In.  17 

Stratum  5 (21-25)  21,23 

Therefore,  sample  units  numbered  01.  03,  0'J,  10, 
12,  13.  In.  17,21.  and  23  must  be  inspected 

Inspecting  Additional  Samples 

The  inspection  data  obtained  w ill  be  used  in  PAVFR1* 
to  extrapolate  the  quantities  and  densities  of  each  dis- 
tress over  the  entire  pavement  section.  The  extrapolation 
process,  howevei  will  produce  erroneous  results  for 
certain  distresses  which  ate  not  typical  of  the  behaviot 
of  the  entire  pavement  section  A special  procedure 
should  be  followed  for  potholes,  blow-ups,  railroad 
crossings,  and  otltei  distresses  that  ate  obviously  not 
uniformly  distributed  along  the  pavement  section. 

Case  1 Nontvpical  distress  falls  within  a random 
sample 

The  sample  should  be  identified  as  "additional"  on 
the  field  inspection  sheet,  and  another  sample  should 
be  selected  at  random  to  replace  it,  For  example,  if  a 
pothole  is  found  in  random  sample  I7, sample  1' should 
be  completely  inspected  and  identified  on  the  field 
inspection  sheet  as  "additional."  Another  sample  should 
then  be  chosen  randomly  and  included  in  the  inspection. 

Case  2 Nonty  pical  distress  occurs  in  a sample  that 
was  not  randomly  selected 

The  sample  containing  the  nontypical  distress  and 
all  other  samples  containing  the  same  distress  should 
be  inspected  and  recorded  as  additional  samples. 


ISM  V Sltahin.  M I Harter,  and  I M Koranski,  ftnrmenr 
/ns/vonon  Rfftrrnrr  Mjnuiil,  Technical  Information  Pamphlet 
C48/APA0I  7,r:«  n’t  HI  . September  l»\si. 
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Figure  13.  Plot  for  determining  number  of  sample  units  required  for  asphaJt-  or  tar-surfaced  pavements. 
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Typical  Random  Number  Table 
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5 CALCULATION  OF  PCI 

FROM  INSPECTION  RESULTS 


Introduction 

Chapter  4 presented  the  two  methods  of  inspecting 
a pavement  section.  The  data  collected  for  each  sample 
unit  in  the  section  were  used  to  calculate  the  PCI.  This 
chapter  will  explain  how  to  calculate  the  PCI  for  a 
particular  sample  unit,  and  how  to  calculate  the  PCI 
for  the  entire  pavement  section. 

Calculating  PCI  for  a Sample  Unit 

Calculating  the  PCI  for  an  individual  sample  unit  is 
a relatively  simple  procedure  which  involves  six  basic 
steps  (see  Figure  14). 

Step  1.  Each  sample  unit  is  inspected  and  distress 
data  recorded  as  explained  in  Chapter  4. 

Step  2.  The  deduct  values  are  determined  from  the 
deduct  value  curves  for  each  distress  type  and  severity. 

Step  3.  A total  deduct  value  (TDV)  is  computed  by 
summing  all  deduct  values. 

Step  4.  Once  the  TDV  is  computed,  the  corrected 
deduct  value  (CDV)  can  be  determined  from  the  correc- 
tion curves. 

Step  5.  The  PCI  can  now  be  computed  as  PCI  = 
100 -CDV. 

Step  6.  Tire  condition  rating  can  be  determined  by 
using  the  scale  shown  in  Figure  14. 

Calculating  the  PCI  for  a Pavement  Section 

If  all  sample  units  in  the  feature  are  surveyed,  the 
PCI  of  the  section  is  computed  by  averaging  the  PCls 
of  all  sample  units.  Inspection  by  sampling,  however, 
requires  a different  method,  if  all  surveyed  sample  units 
are  selected  randomly,  the  PCI  of  the  pavement  section 
is  determined  by  averaging  the  PCI  of  the  sample  units. 
If  any  additional  sample  units  are  inspected,  a weighted 
average  must  be  used.  The  weighted  average  can  be 
computed  by  using  the  following  equation: 


where 

PC1S  = PCI  of  pavement  section 

PO|  = average  PCI  of  random  samples 

PCD  = average  PCI  of  additional  samples 

N = total  number  of  samples  in  feature 

C = number  of  addition  samples  inspected. 

Example  Calculations  of  PCI  for  a Sample  Unit 

Referring  to  the  field  data  sheets  presented  in  Chap- 
ter 4 (Figures  9 and  1 1 ),  the  calculation  of  the  PCI  for 
each  sample  unit  is  presented  below 

1 . Jointed  concrete  sample  unit.  The  first  step  after 
inspection  is  calculating  the  density  of  distress  by  divid- 
ing the  number  of  slabs  containing  a particular  distress 
and  severity  level  by  the  total  number  of  slabs  in  the 
sample  unit.  For  example,  two  slabs  contained  linear 
cracking  at  medium  severity,  so  the  density  is  therefore 
calculated  as  2/20  or  10  percent.  The  deduct  values  are 
then  determined  for  each  distress  combination,  from 
Appendix  A,  Figure  Al,  and  the  PCI  is  calculated  as 
shown  in  Table  2. 

2.  Asphalt  pavement  sample  unit.  The  difference  in 
the  procedure  for  calculating  a PCI  for  an  asphalt  sam- 
ple unit  and  that  for  a concrete  sample  unit  is  in  the 
calculation  of  the  distress  density.  Distress  density  in 
the  asphalt  sample  unit  is  calculated  by  dividing  the 
distress  area  by  the  sample  unit  area  and  multiplying 
the  result  by  100,  with  the  following  exceptions: 

a.  Edge  cracking,  linear  cracking,  joint  reflection 
cracking,  and  bumps: 

_ distress  amount  in  linear  feet 

Density  = ; : : ; — X 100 

sample  unit  area  in  square  teet 

b.  Potholes 

Density  = of  got  holes  x m 

sample  unit  area  in  square  feet 

After  the  distress  density  for  each  distress  type/ 
severity  combination  is  calculated,  the  deduct  values 
are  determined  from  Appendix  B,  Figure  B1 . 


N -C 

PCIS  = ^V  PC'l 


+s  Prl-> 


Table  3 shows  the  PCI  calculation  for  the  asphalt 
(Eq  2)  pavement  sample  unit . 


N 


Table  2 

Example  Calculation  of  the  PCI  for  a Concrete  Sample  Unit 
Total  Number  of  Slabs  in  Sample  20 


1 

Distress 

Severity 

Quantity 

Density 

Deduct* 

Type 

Level 

Stabs 

% 

Value 

Joint  Seal  Damage 

M 

20 

100 

4 

Linear  Crack 

L 

1 

5 

3 

Linear  Crack 

M 

2 

10 

9 

Corner  Spall 

L 

2 

10 

3 

Corner  Break 

L 

1 

5 

5 

Corner  Break 

M 

1 

5 

9 

TDV 

33 

q** 

2 

CDVt 

33 

PCI  = 100  CDV 

= 100  - 33 

1 

PCI  * 67 

•The  deduct  values  and  CDV  are  obtained  from  Appendix  A,  Figures  A1  and  A2. 
respectively. 

**q  is  the  number  of  individual  deduct  values  exceeding  five  points. 

'’’If  CDV  is  less  than  any  of  the  individual  distress  deduct  values,  then  CDV  * highest 
individual  deduct  value. 


Table  3 

Example  of  PCI  Calculation  for  an  Asphalt  Sample  Unit 
Area  of  Sample  Unit  2500  sq  ft  (225  m2) 


Distress 

Severity 

Quantity 

Density 

Deduct* 

Type 

Level 

sq  ft 

% 

Value 

Alligator  Crk 

L 

6 

0.24 

2 

Alligator  Crk 

M 

16 

0.64 

10 

Long/Trans  Crk 

L 

40 

1.6 

2 

Long/Trans  Crk 

M 

10 

0.4 

1 

Rutting 

L 

50 

2.0 

12 

TDV 

27 

q** 

2 

CDV1, 

20 

PCI  = 100  CDV 
= 100  20 
PCI  = 80 


•The  deduct  values  and  CDV  are  obtained  from  Appendix  H,  Figures  B1  and  H2. 
respectively. 

•*q  is  the  number  of  individual  deduct  values  exceeding  five  points. 

+lf  CDV  is  less  than  any  of  the  individual  distress  deduct  values,  then  CDV  » highest 
individual  deduct  value. 
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6 SUMMARY,  CONCLUSIONS,  AND 
RECOMMENDATIONS 


Summary 

\ preliminary  procedure  lias  been  developed  lor 
determining  a pavcmenl  condition  index  (IT I ) lor  roads 
and  siieels  The  PCI,  which  is  expressed  as  a niiiiierical 
rating  ranging  lioni  t)  to  UK),  piovides  a measure  of  the 
pavement  structural  integrity  and  surface  operational 
condition  l ie  ITI  is  calculated  based  on  pavement 
distress  types,  seventies,  and  densities  measured  during 
an  inspection  of  the  pavement. 

The  procedure  for  rating  a pavement  section  includes 
the  follow  ing  steps 

1 Dividing  it  into  sample  units  (a  sample  unit  is 
approximately  20  slabs  for  jointed  concrete  pavements 
and  2500  sej  ft  (225  m*)  for  asphalt  surface  pavements) 

2.  Inspecting  either  each  sample  unit  in  the  pave- 
ment section  or  only  the  number  of  sample  units 
determined  using  the  sampling  techniques  described  in 
Chapter  4 

5 . Calculating  the  PCI  for  each  sample  unit  surveyed 
( figure  14) 

4.  Averaging  the  PCls  of  the  sample  units  to  obtain 
the  overall  PCI  ol  the  pavement  section. 

Conclusions 

The  PCI  is  a valid  technique  for  comparing  pavements 
(against  a common  standard)  in  terms  of  structural 
integrity  and  surface  operational  condition.  It  can  be 
used  by  the  pavement  engineer  as  an  effective  tool  to 


communicate  pavement  condition  to  management  and 
as  an  aid  in  determining  the  need  for  M&R.  The  PCI 
of  pavement  sections  can  be  determined  easily  in  the 
field. 

Trained  personnel  can  perform  the  pavement  inspec- 
tion with  a measuring  wheel  (odometer),  measuring 
scale,  and  a 10-fl  straightedge. 

The  PCI  does  not  directly  measure  load-carrying 
capacity  and  skid  resistance.  These  items  can  only  be 
measured  by  specialized  teams  and  equipment. 

Recommendations 

The  procedure  for  calculating  the  PCI  (including 
distress  definitions,  deduct  curves,  and  correction 
curves)  has  only  been  field-tested  and  revised  once. 
It  is  recommended  that  the  procedure  be  further 
field-tested  a minimum  of  three  limes  before  it  is 
made  available  to  field  personnel  for  implementation. 
The  field  tests  should  be  performed  ai  Army  installa- 
tions from  different  commands,  and  should  include 
the  participation  of  experienced  field  pavement  engi- 
neers. During  the  field  test  the  procedure  should  also 
be  extended  to  be  applicable  to  surfaced  parking  lots, 
storage  areas,  and  hardstands. 

After  the  PCI  procedure  is  field-tested  and  verified, 
it  is  recommended  that  the  finalized  distress  definitions 
he  incorporated  into  the  Pavement  Inspection  Refer- 
rence  Manual '*  and  that  the  entire  procedure  be  ac- 
cepted for  Army-wide  implementation. 


19M.  Y.  Shaliin.  M I Darter, and  I M.  Kozanski, Pavement 
Inspection  Reference  Manual,  Technical  Inhumation  Pamphlet 
(’4H/AIM01 7324  (CERL. September  l<)75). 
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APPENDIX  A: 

JOINTED  CONCRETE  PAVEMENT 
DISTRESS  DEFINITIONS,  DEDUCT 
CURVES,  AND  CORRECTION  CURVES 
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Name  of  Distress: 
Description: 


Severity  Levels: 


How  to  Count 


DISTRESSES  ON  PLAIN  JOINTED  CONCRETE  PAVEMENTS 
(JOINT  SPACING— 30  ft  [9  m] ) 

Blow-up 

Blow-ups  occur  in  hot  weather,  usually  at  a transverse  crack  or  joint  that  is  not 
wide  enough  to  permit  expansion  of  the  concrete  slabs.  The  insufficient  width 
is  usually  caused  by  infiltration  of  incompressible  materials  into  the  joint  space. 
When  expansion  cannot  relieve  enough  pressure,  a localized  upward  movement 
of  the  slab  edges  (buckling)  or  shattering  will  occur  in  the  vicinity  of  the  joint. 
Blow-ups  can  also  occur  at  utility  cuts  and  drainage  inlets. 

L.  Buckling  or  shattering  has  not  rendered  the  pavement  inoperative,  and  only  a 
slight  amount  of  roughness  exists. 

M Buckling  or  shattering  has  not  rendered  the  pavement  inoperative,  and  a signifi- 
cant amount  of  roughness  exists. 

II  Buckling  or  shattering  has  rendered  the  pavement  inoperative. 

A blow-up  usually  occurs  at  a transverse  crack  or  joint.  At  a crack,  it  is  counted 
as  being  in  one  slab;  at  a joint,  two  slabs  are  affected  and  the  distress  should  be 
recorded  as  occurring  in  two  slabs. 


J 
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Name  of  Distress 
Description: 


Severity  Levels 


How  to  Count. 


linear  Cracking  (Longitudinal.  Transverse,  and  Diagonal  Cracks) 

These  cracks,  which  divide  the  slab  into  two  or  three  pieces,  are  usually  caused 
by  a combination  ot  traffic  load  repetition,  thermal  gradient  curling,  and  moisture 
load  repetition.  (Slabs  divided  into  four  or  more  pieces  are  considered  shattered.) 
Low-severity  cracks  are  usually  warping-  or  friction-related  and  arc  not  considered 
major  structural  distresses.  Medium-  or  high-severity  cracks  arc  usually  working 
cracks  and  are  considered  major  structural  distresses 

NOT1  Hairline  cracks  that  are  only  a few  feet  long  and  do  not  extend  across 
the  entire  slab  arc  rated  as  shrinkage  cracks. 

L Ciack  has  no  spalling  or  minor  spalling,  lfnonfilled.it  is  less  than  1 /Kin. (.32  cm) 
wide;  or  a filled  crack  can  be  of  any  width,  but  its  tiller  material  must  be  in  satis- 
factory condition. 

M One  of  the  following  conditions  exists:  (Da  filler.  01  nonfilled  crack  is  moderately 
spalled;  (2)  a nonfilled  crack  has  a mean  width  between  I 8 and  1 in. (.32  to  2.59 
cm);  (3)  a filled  crack  has  no  spalling  or  minoi  spalling,  but  the  filler  is  in  unsat- 
isfactory condition;  or  (4)  the  slab  is  divided  into  three  pieces  by  low -severity 
cracks. 

II  One  of  the  following  conditions  exists:  ( 1 ) a filled  or  nonfilled  crack  is  severely 
spalled;  (2)  a nonfilled  crack  has  a mean  width  approximately  greater  than  I in. 
(2.59  cm);  or  (3)  the  slab  is  divided  into  three  pieces  by  two  oi  more  cracks,  one 
ot  which  is  at  least  medium  severity. 

Once  the  severity  has  been  identified,  the  distress  is  recorded  as  one  slab. 
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Name  of  Distress 


Durability  (“D”)  ('racking 


’ 

! 

Moss  to  Count: 


1 


a 


Durability  cracking  is  caused  by  free/.e-thaw  expansion  of  tire  large  aggregate 
which,  ovei  time,  gradually  breaks  down  the  concrete.  It  usually  appears  as  a 
pattern  ol  cracks  running  parallel  to  a joint  01  linear  crack.  Since  the  concrete 
becomes  saturated  near  the  joints  and  cracks,  a dark -colored  deposit  can  usually 
be  seen  around  the  line  durability  cracks.  This  type  of  cracking  may  eventually 
lead  to  disintegration  of  the  concrete  within  I to  2 ft  (J  to  .0  ml  of  the  joint  oi 
crack. 

1 Pieces  are  defined  by  light  cracks  and  cannot  be  removed. 

M "D"  cracks  are  well-defined;  pieces  have  been  displaced  but  cover  only  a small 
part  of  the  slab  area. 

H "D"  cracking  has  developed  over  a considerable  amount  of  slab  area  and  a signi- 
ficant number  of  pieces  are  removed.  The  “D”  cracking  has  resulted  in  significant 
roughness. 

When  distress  is  located  and  rated  at  one  severity  level,  it  is  counted  as  one  slab. 
II  more  than  one  severity  level  is  found,  the  slab  is  counted  as  having  the  higher 
severity  distress.  For  example,  if  light  and  medium  durability  cracking  are  located 
on  one  slab,  the  slab  is  counted  as  having  medium  only. 
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Description:  Faulting  is  the  difference  in  elevation  across  a joint  or  crack.  Faulting  may- 

result  from  settlement  of  the  slab  due  to  a soft  subgrade,  an  upward  curling  of 
the  slab  at  the  joints  due  to  the  moisture  and  temperature  gradient,  or,  in  heavily 
trafficked  areas,  from  the  pumping  of  material  beneath  the  leading  slab  to  beneath 
the  trailing  slab. 

Severity  Levels:  Severity  levels  are  defined  by  the  difference  in  elevation  across  the  joint  or  crack. 

L 0.05-0.15  in.  (.13  to  ,3d  cm) 

M 0.1 5-0.25  in.  (.3*)  to  .65  cm) 

H 0.25  in.  (.65  cm) 


How  to  Count : Faulting  across  a joint  is  counted  as  one  slab.  If  only  one  or  two  joints  are  faulted 

in  the  sample  unit,  they  should  be  measured  separately  in  the  outer  wheel  path 
at  about  2 ft  (.6  m)  from  the  slab  edge.  Only  the  slabs  affected  are  counted.  If 
faulting  is  relatively  constant  throughout  the  sample  unit,  five  or  more  joints 
should  be  measured  and  the  mean  fault  computed  and  used  for  determining 
severity  levels  over  the  entire  sample  unit. 


Name  of  Distress: 


Joint  Seal  Damage 


<**• 
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Description: 


Severity  Levels 


How  to  Count 


Joint  seal  damage  is  any  condition  which  enables  soil  or  rocks  to  accumulate  in 
the  joints  or  allows  significant  infiltration  of  water.  Accumulation  of  incompress- 
ihle  materials  prevents  the  slabs  from  expanding  and  may  result  in  buckling, 
shattering,  or  spalling.  A pliable  joint  filler  bonded  to  the  edges  of  the  slabs  pro- 
tects  the  joints  Irom  accumulation  of  materials  and  also  prevents  water  fioni 
seeping  down  and  soliciting  the  foundation  supporting  the  slab. 

1 ypical  types  of  joint  seal  damage  are:  ( I ) stripping  of  joint  sealant,  (2)  extrusion 
o!  joint  sealant,  (.1)  weed  growth.  (4)  hardening  of  the  filler  (oxidation).  (5 ) loss 
ot  bond  to  the  slab  edges,  and  (6)  lack  of  sealant  in  the  joint. 

1 Joint  sealer  is  in  generally  good  condition  throughout  the  section.  Sealant  is 
performing  well  , only  a minor  amount  of  any  of  the  above  types  of  damage  is 
present . 

M Joint  sealer  is  in  generally  fair  condition  over  the  entire  surveyed  section,  with 
one  or  more  ol  the  above  types  of  damage  occurring  to  a moderate  degree.  Seal- 
ant  needs  replacement  within  2 years. 

H Joint  sealer  is  in  generally  poor  condition  over  the  entire  surveyed  section,  with 
one  or  more  of  the  above  types  of  damage  occurring  to  a severe  degree.  Sealant 
needs  immediate  replacement. 

Joint  seal  damage  is  not  counted  on  a slab-by-slab  basis,  but  is  rated  based  on  the 
overall  condition  ol  the  sealant  over  the  entire  section. 
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Name  of  Distress: 
Description: 


Severity  Levels 


Mow  to  Count: 


Patching,  l.arge  (More  than  5 Sq  Ft  (45  m*  ] ) and  Utility  Cut 

A patch  is  an  area  where  the  original  pavement  has  been  removed  and  replaced 
by  a tiller  material.  A utility  cut  is  a patch  that  has  replaced  the  original  pave- 
ment because  of  placement  of  underground  utilities.  The  severity  levels  of  a 
utility  cut  are  the  same  as  those  for  regular  patching. 

L Patch  is  functioning  well  with  very  little  or  no  deterioration. 

M Patch  has  deteriorated  and/or  moderate  spalling  can  be  seen  around  the  edges. 
Patch  material  can  be  dislodged  with  considerable  effort. 

11  Patch  has  deteriorated  to  a state  which  causes  considerable  toughness.  Tire  extent 
of  the  deterioration  warrants  replacement  of  the  patch. 

The  criteria  are  the  same  as  for  small  patches. 
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Name  of  Distress 
Description : 

Severity  Levels: 

How  to  Count: 


Polished  Aggregate 

Some  aggregate  types  in  the  surface  of  a pavement  become  polished  quickly 
under  traffic.  Others,  such  as  certain  types  of  gravel,  are  naturally  polished.  If 
these  are  used  in  a pavement  surface  without  first  being  crushed,  the  pavement 
will  become  extremely  slippery  when  wet. 

No  degrees  of  severity  are  defined.  However,  polished  aggregate  must  be  easily 
identifiable  through  visual  inspection  (including  touching  with  hand)  before  it  is 
counted  as  a distress. 

An  individual  slab  having  polished  aggregate  over  approximately  25  percent  or 
more  of  its  area  should  be  e runted. 
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Name  of  Distress: 


Popouts 


Description: 


Severity  Levels: 


How  to  Count: 


A popout  is  a small  piece  of  pavement  that  breaks  loose  from  the  surface  due  to 
freeze-thaw  action  in  combination  with  expansive  aggregates.  Popouts  usually 
range  from  approximately  1 to  4 in.  (2.54  to  10.16  cm)  in  diameter  and  from 
1/2  to  2 in.  (1 .27  to  3.08  cm)  deep. 

No  degrees  of  severity  are  defined  for  popouts.  However,  popouts  must  be  exten- 
sive before  they  are  counted  as  a distress;  i.e.,  average  popout  density  must 
exceed  approximately  three  popouts  per  square  yard  over  the  entire  slab  area. 

The  density  of  the  distress  must  be  measured.  If  there  is  any  doubt  about  the 
average  being  greater  than  three  popouts  per  square  yard,  at  least  three  random 
1-sq-yd  (.8  m2)  areas  should  be  checked.  When  the  average  is  greater  than  this 
density,  the  slab  should  be  counted. 
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Name  of  Distress 


Description: 


Severity  l evels 


Pumping 

Pumping  is  the  ejection  of  material  by  water  through  joints  or  cracks,  caused  by 
deflection  of  the  slab  under  passing  loads.  Pumping  can  occur  along  the  slab  edge, 
causing  loss  ot  support.  In  additon.asa  load  moves  across  the  joint  between  the 
slabs,  water  is  first  forced  under  the  leading  slab,  and  then  forced  back  under  the 
trailing  slab.  This  action  causes  the  erosion  and  eventual  removal  of  soil  particles. 
The  result  is  a progressive  loss  ot  pavement  support.  Surface  staining  and  base  or 
subgrade  material  c;i  the  pavement  close  to  joints  or  cracks  are  evidence  of 
pumping.  Pumping  near  joints  indicates  poor  joint  sealer  and  loss  of  support 
which  will  lead  to  cracking  under  repeated  loads. 

No  degrees  ot  severity  are  defined.  It  is  sufficient  to  indicate  that  the  pumping 
exists. 


How  to  Count 


One  pumping  joint  between  two  slabs  is  counted  as  two  slabs.  However,  if  the 
remaining  joints  around  the  slab  are  also  pumping,  one  slab  is  added  per  addi- 
tional pumping  joint. 
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Name  of  Distress: 
Description: 

Severity  Levels: 


How  to  Count: 


Railroad  Crossing 

Railroad  crossing  defects  occur  in  the  form  of  depressions  or  bumps  around  the 
tracks. 

L - Ride  quality*  is  rated  as  low  severity. 

M - Ride  quality  is  rated  as  medium  severity. 

H - Ride  quality  is  rated  as  high  severity. 

The  slabs  crossed  by  the  railroad  track  are  counted. 


*See  page  51  for  definition  of  ride  quality. 
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Name  of  Distress  Scaling,  Map  ('racking,  anil  ('raring 

Description  Map  cracking  or  cra/ing  refers  to  a network  of  shallow,  fine,  or  hairline-  cracks 

which  extend  only  through  the  upper  surface  of  the  concrete.  The  cracks  lend  to 
intersect  at  angles  ot  120  degrees.  Map  cracking  or  oaring  is  usallv  caused  b\ 
overfinishing  the  concrete,  and  may  lead  to  scaling  of  the  suifacc,  which  is  the 
breakdown  of  the  slab  surface  to  a depth  of  approximately  1/4  to  1/2  in.  (.6.1  to 
I 26  cm).  Scaling  may  also  be  caused  by  deicing  salts,  unptopei  construction, 
free/e-thaw  cycles,  and  poor  aggregate.  The  type  of  scaling  defined  here  is  not 
that  caused  by  "IV'  cracking.  If  there  is  scaling  caused  by  "D"  cracking,  rt  should 
be  counted  under  that  distress  only. 

Severity  Levels:  1 ('taring  or  map  cracking  exists  over  most  of  the  slab  area,  the  suitace  is  in  good 

condition  with  no  scaling. 

NOI'I  lire  low-severity  level  is  an  indicator  that  scaling  may  develop  in  the 
future. 

M Slab  is  scaled,  causing  a low-severity  ride  quality  .* 

1 1 Slab  is  scaled,  causing  a medium-  or  high-severitv  ride  quality 

How  to  count:  l.ach  slab  having  scaling  is  rated  according  to  ride  quality. 


•Sec  page  5 1 lor  definition  of  ride  quality. 


Name  of  Distress 


Divided  Slab 


Description 


Severity  Levels: 


How  to  Count: 


A divided  slab  is  broken  into  four  or  more  pieces  due  to  overloading  and/or 
inadequate  support.  If  all  pieces  or  cracks  are  contained  within  a corner  break, 
the  distress  is  categorized  as  a severe  corner  break. 

1.  Slab  is  broken  into  four  or  live  pieces,  with  all  cracks  of  low  severity. 

M (1)  Slab  is  broken  into  four  or  live  pieces,  with  some  or  all  cracks  of  medium 

severity  (no  high  severity  cracks);  or  (2)  slab  is  broken  Into  six  or  more  pieces 
with  all  cracks  of  low  severity. 

H One  of  the  following  conditions  exists:  (I)  slab  is  broken  into  four  or  tlve  pieces, 
with  some  or  all  cracks  of  high  severity ; (2 ) slab  is  broken  into  six  or  more  pieces, 
with  some  or  all  cracks  of  medium  or  high  severity. 

If  the  slab  is  medium  or  high  severity,  no  other  distress  is  counted. 
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Name  of  Distress: 
Description: 


Severity  levels: 


How  to  Count: 


Spalling  (Transverse  and  Longitudinal  Joint) 

Joint  spalling  is  the  breakdown  of  the  slab  edges  within  2 ft  (.6  m)  of  the  joint. 
A joint  spall  usually  docs  not  extend  vertically  through  the  slab,  but  intersects 
the,  joint  at  an  angle.  Spalling  results  from  excessive  stresses  at  the  joint  caused 
by  infiltration  of  incompressible  materials  or  traffic  load.  Weak  concrete  at  the 
joint  (caused  by  overworking)  combined  with  traffic  loads  is  another  cause  of 
spalling. 


Pieces  of  Spall 

Tight  Cannot  be 
easily  removed  (may 
be  a few  missing) 

Loose  Can  be  removed 
and  some  are  missing 

Missing  Most  have 
been  removed 

The  following  joint  spall  conditions  are  considered  to  be  insignificant  and  should 
not  be  counted: 

(1 ) A frayed  joint  where  the  concrete  has  been  worn  away  somewhat. 

(2)  A small  spall  with  tight  pieces  less  than  2 ft  (.6  m)  long  and  3 in. 

(7.52  cm)  wide. 

If  the  joint  spall  is  located  along  the  edge  of  one  slab,  it  is  counted  as  one  slab 
with  joint  spalling.  If  spalling  is  located  on  more  than  one  edge  of  the  same  slab, 
the  edge  having  the  highest  severity  is  counted  and  recorded  as  one  slab.  Joint 
spalling  can  also  occur  along  the  edges  of  two  adjacent  slabs.  If  this  is  the  case, 
each  slab  is  counted  as  having  joint  spalling. 


Length  of  Spall 
2 ft  (.6  m)  2 ft  (.6  m) 


L 


M 


M 
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Name  of  Distress 


Spalling  (Corner) 


Description: 


Severity  Levels: 


How  to  Count: 


Comer  spalling  is  the  breakdown  of  the  slab  within  approximately  2 ft  (.6  in)  of 
the  corner.  A corner  spall  differs  from  a corner  break  in  that  the  spall  usually 
angles  downward  to  intersect  the  joint,  while  a break  extends  vertically  through 
the  slab  corner. 


Area  of  Spall,  sq  in.* 

Pieces  of  Spall  8-25  25-50  50 

Tight  Cannot  be  L L L 

removed  easily  (may 
be  a few  pieces 
missing) 

Loose  Can  be  removed  L M M 

and  some  (50  percent) 
are  missing 


Missing  Most  or  all  M M II 

have  been  removed 


•Metric  Conversion  Factor:  1 sq  in.  = h.45  cm* 

Comer  spalling  having  an  area  less  than  8 sq  in.  (5 1 .6  cm2)  is  not  counted. 

If  one  or  more  corner  spalls  having  the  same  severity  level  are  located  in  a slab, 
the  slab  is  counted  as  one  slab  with  corner  spalling.  If  more  than  one  severity 
level  occurs,  it  is  counted  as  one  slab  having  the  higher  severity  level. 
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Name  d|  Distiess 


Corner  Break 


! 


Description 


Severity  levels 


Mow  to  Count 


A corner  break  is  a crack  that  intersects  the  joints  at  a distance  less  than  ot  equal 
to  one-half  the  slab  length  on  both  sides,  measured  front  the  corner  ol  the  slab 
I or  example,  a slab  with  dimensions  of  12  by  20  ft  (4  by  b m)  that  has  a crack 
of  5 It  on  one  side  and  I 2 It  (5.1  m)  on  the  other  side  is  not  considered  a corner 
break,  it  is  a diagonal  crack.  However,  a crack  that  intersects  4 ft  ( 1 .2  m)  on  v„,v 
side  and  8 ft  (2.4  m)  on  the  other  is  considered  a corner  bteak.  A e<  met  break 
differs  front  a corner  spall  in  that  the  crack  extends  vertically  through  the  entire 
slab  thickness,  while  a corner  spall  intersects  the  joint  at  an  angle,  load  repetition 
combined  with  loss  of  support  and  curling  stresses  usually  causes  corner  bieaks. 

I ( rack  has  either  no  spalling  or  minor  spalling.  II  nonfilled,  it  has  a mean  width 
less  than  approximately  I '8  in.  (.42  cm),  a filled  crack  can  be  of  any  width,  but 
the  filler  material  must  be  in  satisfactory  condition.  The  area  between  the  corner 
break  and  the  joints  is  not  cracked. 

M One  ol  the  lollowir.g  conditions  exists  ( I ) filled  ot  nonfilled  crack  is  moderately 
spalled,  (2)  a nonfilled  crack  has  a mean  width  between  1/8  and  I in.  (.52  to 
2.54  cm),  (5)  a tilled  crack  is  not  spalled  or  only  lightly  spalled,  but  the  filler  is 
in  unsatisfactory  condition;  (4)  the  area  between  the  corner  break  and  the  joints 
is  lightly  cracked. 

II  One  ot  (lie  following  conditions  exists:  (I)  filled  or  nonfilled  crack  is  severely 
spalled,  (2)  a nonfilled  crack  has  a mean  width  greater  than  approximately  I in. 
(2.54  cm);  (5)  the  area  between  the  corner  break  and  the  joints  is  severely  cracked. 

A distressed  slab  is  recorded  as  one  slab  if  it  (1)  contains  a single  corner  break; 
(2)  contains  more  than  one  break  of  a particular  severity ; or  (5)  contains  two  or 
more  breaks  of  different  severities.  For  two  or  more  breaks,  the  highest  level  of 
severity  should  be  recorded.  For  example,  a slab  containing  both  light-  and 
medium-severity  corner  breaks  should  be  counted  as  one  slab  with  a medium 
comer  break. 
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Name  of  Distress 


Patching,  Small  (Less  Than  5 Sq  Ft  ( .45  m* 1 ) 


Description 


Severity  Levels 


Mow  to  Measure 


A patch  is  an  area  where  the  original  pavement  has  been  removed  and  replaced 
by  a filler  material.  For  condition  evaluation,  patching  is  divided  into  two  types: 
small  (less  than  5 sq  ft  (.45  mJ))  and  large  (more  than  5 sq  ft  (.45  m*| ). 

L Patch  is  functioning  well  with  little  or  no  deterioration. 

M Patch  has  deteriorated,  and/or  moderate  spalling  can  be  seen  around  the  edges. 
Patch  material  can  be  dislodged  with  considerable  effort. 

H Patch  has  deteriorated,  either  by  spalling  around  the  patch  or  cracking  within 
the  patch,  to  a state  which  warrants  replacement. 

II  one  or  more  small  patches  having  the  same  severity  level  are  located  in  a slab, 
they  are  counted  as  one  slab  containing  that  distress.  If  more  than  one  severity 
level  occurs,  it  is  counted  as  one  slab  with  the  high  severity  level. 
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Name  ot  Distress  Shrinkage  (.’tacks 

Description:  Shrinkage  cracks  are  hairline  cracks  that  are  usually  only  a I'cw  feet  long  ami  do 

not  extend  across  the  entire  slab.  They  are  formed  during  the  setting  and  curing 
of  concrete  and  usually  do  not  extend  through  the  depth  of  the  slab. 

Severity  Levels:  No  degrees  of  severity  are  defined.  It  is  sufficient  to  indicate  that  shrinkage 

cracks  exist . 

How  to  fount  If  one  or  more  shrinkage  cracks  exist  on  one  particular  slab,  the  slab  is  counted 

as  one  slab  with  shrinkage  cracks. 
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Name  of  Distress: 


Depression/Settleinent 


Description: 


Severity  Levels: 


How  to  Count: 


Depressions  or  settlements  of  the  pavement  surface  arc  areas  of  the  pavement 
which  are  lower  than  the  surrounding  pavement  grades.  These  areas  cause  rough- 
ness and  also  allow  the  ponding  of  water.  They  are  a cause  for  potential  hydro- 
planing. They  are  also  a contributing  factor  in  weakening  subgrade  support,  which 
allows  water  to  seep  down  through  the  joints  and  cracks  rather  than  running  off. 

L — Ride  quality*  is  low  severity 

M Ride  quality  is  medium  severity 

H Ride  quality  is  high  severity 

The  slabs  contained  within  the  depression  are  counted. 


•See  page  51  for  definition  of  ride  quality. 


Name  of  Distress: 


Lane/Shoulder  Drop  Off 


Description: 

Lane/shoulder  drop  off  is  the  differential  settlement  or  erosion  of  the  shoulder 
with  respect  to  the  pavement  travel  lane  edge.  This  settlement  causes  a difference 
in  elevation  which  can  be  a safety  hazard.  The  settlement  also  increases  water 
infiltration  into  the  pavement. 

Severity  Levels: 

L 

The  difference  in  elevation  between  the  pavement  edge  and  shoulder  is  1/4  to 
3/4  in.  (.63  to  1 .89  cm). 

M 

The  difference  in  elevation  is  3/4  to  l- 1/2  in.  (1.89  to  3.81  cm) 

H 

The  difference  in  elevation  is  greater  than  1-1/2  in.  (3.81  cm) 

How  to  Count: 

The  slabs  affected  by  the  lane/shoulder  drop-off  are  counted.  The  difference  in 
elevation  is  the  average  of  three  different  measurements  along  the  side  of  the  slab. 

Ride  quality  is  determined  by  riding  in  a standard-size  automobile  over  the  pavement  section  at  the  posted  speed 
limit . Pavement  sections  located  near  stop  signs  should  be  rated  at  the  normal  deceleration  speed  used  when  approaching 
the  sign.  Ride  quality  is  rated  according  to  the  following  guidelines: 

L ( 1 ) Vibrations  of  the  vehicle  (i.e.  from  corrugations)  are  noticeable,  but  no  reduction  in  speed  is  necessary 
for  comfort  or  safety , and/or  (2)  individual  bumps  or  settlements  cause  some  bounce  of  the  vehicle  which  creates  no 
discomfort. 

M - (,  l ) Vibrations  of  the  vehicle  are  significant  and  some  reduction  in  speed  is  necessary  for  safety  and  comfort, 
and/or  (2)  individual  bumps  or  settlements  cause  significant  bounce  of  the  vehicle,  which  creates  some  discomfort. 

H - (1)  Vibrations  are  so  excessive  that  considerable  reduction  in  speed  is  necessary  for  safety  and  comfort,  and / 
or  (2)  individual  bumps  or  settlements  cause  excessive  bounce  of  the  automobile,  which  creates  substantial  discom- 
fort, and/or  a safety  hazard,  and/or  vehicle  damage. 
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DEDUCT  VALUE 


DEDUCT  VALUE 


Not#:  Curves  art  undergoing  validation. 
Validated  curves  Mill  be  published 
in  final  report. 


DISTRESS  DENSITY -PERCENT 


2.  Linear  cracking 

Figure  A1  (cont'd) 
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DEDUCT  VALUE 


Not*:  Curvet  or*  undergoing  validation. 
Validated  curvet  will  be  publithed 
in  final  report. 


4.  I;milttii|i 
l iminp  A I (cont'il) 
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Note:  Curves  ore  undergoing  validation* 
Validated  curvet  will  be  published 
in  final  report. 


<v  Patch/utility  cut  (>5  sq  ft) 

Figure  A I (cont'd) 


DEDUCT  VALUE 


20 


DISTRESS  DENSITY -PERCENT 


10.  Railroad  crossing 

Figure  A1  (cont'd) 


DEDUCT  VALUE 


DEDUCT  VALUE 


DEDUCT  VALUE 


DEDUCT  VALUE 


TOTAL  SUM  OF  CALCULATED  DEDUCT  VALUES 


APPENDIX  B: 

ASPHALT-  OR  TAR-SURFACED 
PAVEMENT  DISTRESS  DEFINITIONS, 
DEDUCT  CURVES,  AND 
CORRECTION  CURVES 


■ ' ' 


Name  of  Distress: 
Description: 


Severity  Levels: 


DISTRESS  IN  ASPHALT-SURFACED  PAVEMENTS 

Alligator  Cracking 

Alligator  or  fatigure  cracking  is  a series  of  interconnecting  cracks  caused  by 
fatigue  failure  of  the  asphalt  concrete  surface  under  repeated  traffic  loading.  The 
cracking  initiates  at  the  bottom  ol  the  asphalt  surface  (or  stabilized  base)  where 
tensile  stress  and  strain  is  highest  under  a wheel  load.  The  cracks  propagate  to 
the  surface  initially  as  a series  ol  parallel  longitudinal  cracks.  After  repeated 
traffic  loading,  the  cracks  connect,  forming  many-sided,  sharp-angled  pieces  that 
develop  a pattern  resembling  chicken  wire  or  the  skin  of  an  alligator.  The  pieces 
are  less  than  2 ft  (.6  m)  on  the  longest  side. 

Alligator  cracking  occurs  only  in  areas  that  are  subjected  to  repeated  traffic  load- 
ings, such  as  wheel  paths.  Theretore,  it  would  not  occur  over  an  entire  area  unless 
the  entire  area  were  subjected  to  traffic  loading.  Pattern-type  cracking  which 
occurs  over  an  entire  area  that  is  not  subjected  to  loading  is  rated  as  block  crack- 
ing, which  is  not  a load-associated  distress. 

Alligator  cracking  is  considered  a major  structural  distress  and  is  usually  accom- 
panied by  rutting. 

L - Fine,  longitudinal  hairline  cracks  running  parallel  to  each  other  with  no  or  only  a 
few  interconnecting  cracks.  The  cracks  are  not  spalled. 

M — Further  development  of  light  alligator  cracking  into  a pattern  or  network  of 
cracks  that  may  be  lightly  spalled. 

H - Network  or  pattern  cracking  has  progressed  so  that  the  pieces  are  well-defined 
and  spalled  at  the  edges;  some  of  the  pieces  may  rock  under  traffic. 

NOTE:  Spalling  of  the  cracks  is  a breakdown  of  the  material  along  the  sides  of 
the  crack. 


How  to  Measure: 


Alligator  cracking  is  measured  in  square  feet  of  surface  area.  The  major  difficulty 
in  measuring  this  type  of  distress  is  that  two  or  three  levels  of  severity  often  exist 
within  one  distressed  area.  If  these  portions  can  be  easily  distinguished  from 
each  other,  they  should  be  measured  and  recorded  separately.  However,  if  the 
different  levels  of  severity  cannot  be  divided  easily,  the  entire  area  should  be  rated 
at  the  highest  severity  level  present. 
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Name  of  Distress: 


Bleeding 


Description: 


Severity  Levels. 


How  to  Measure: 


Bleeding  is  a film  of  bituminous  material  on  the  pavement  surface  which  creates 
a shiny,  grasslike,  reflecting  surface  that  usually  becomes  quite  sticky.  Bleeding 
is  caused  by  excessive  amounts  of  asphalt  cement  or  tars  in  the  mix  and/oi  low 
air  void  content  or  excess  application  of  a bituminous  sealant.  It  occurs  when 
asphalt  fills  the  voids  of  the  mix  during  hot  weather  and  then  expands  onto  the 
pavement  surface.  Since  the  bleeding  process  is  not  reversible  during  cold  weather, 
asphalt  or  tar  will  accumulate  on  the  surface. 

L Bleeding  has  only  occurred  to  a very  slight  degree  and  it  is  noticeable  only  during 
a few  days  of  the  year.  Asphalt  does  not  pick  up  on  shoes  or  vehicles. 

M Bleeding  has  occurred  to  the  extent  that  asphalt  picks  up  on  shoes  and  vehicles 
only  during  a few  weeks  in  the  year. 

H Bleeding  has  occurred  extensively  and  considerable  asphalt  pickup  on  shoes  and 
vehicles  occurs  during  at  least  several  weeks  of  the  year. 

Bleeding  is  measured  in  square  feet  of  surface  area. 


Name  of  Distress: 


Block  Cracking 


Description: 


Severity  Levels: 


How  to  Measure: 


Block  cracks  are  interconnected  cracks  that  divide  the  pavement  into  approxi- 
mately rectangular  pieces.  The  blocks  may  range  in  size  from  approximately  1 
by  1 ft.  (.3  by  .3  m)  to  10  by  10  ft  (3  by  3 m).  Block  cracking  is  caused  mainly 
by  shrinkage  of  the  asphalt  concrete  and  daily  temperature  cycling  (which  results 
in  daily  stress/strain  cycling).  It  is  not  load-associated.  The  occurrence  of  block 
cracking  usually  indicates  that  the  asphalt  has  hardened  significantly.  Block 
cracking  normally  occurs  over  a large  proportion  of  pavement  area,  but  some- 
times will  occur  only  in  nontraffic  areas.  This  type  of  distress  differs  from  alliga- 
tor cracking  in  that  alligator  cracks  form  smaller,  many-sided  pieces  with  sharp 
angles.  Also,  unlike  block  cracks,  alligator  cracks  are  caused  by  repeated  traffic 
loadings,  and  are  therefore  located  only  in  traffic  areas  (i.e.,  wheel  paths). 

L Blocks  are  defined  by  cracks  that  are  nonspalled  (sides  of  the  crack  are  vertical) 
or  only  lightly  spalled.  Nonfilled  cracks  have  1/4  in.  (.65  cm)  or  less  mean  width, 
and  filled  cracks  have  a filler  in  satisfactory  condition. 

M Blocks  are  defined  by  either  (1)  filled  or  nonfilled  cracks  that  are  moderately 
spalled;  (2)  nonfilled  cracks  that  are  not  spalled  or  have  onl>  minor  spalling  but 
have  a mean  width  greater  than  approximately  1/4  in.  (.63  cm);  or  (3)  filled 
cracks  that  arc  not  spalled  or  have  only  minor  spalling,  but  have  filler  in  unsat- 
isfactory condition. 

H Blocks  arc  well-defined  by  cracks  that  are  severely  spalled. 

Block  cracking  is  measured  in  square  feet  of  surface  area.  It  usually  occurs  at  one 
severity  level  in  a given  pavement  section;  however,  any  areas  of  the  pavement 
section  having  distinctly  different  levels  of  severity  should  be  measured  and 
recorded  separately. 
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Name  of  Distress: 


Bumps 


U, 

i 

■i 

i 

I 

i 


Description . 


Severity  Levels: 


How  to  Measure: 


Bumps  are  localized  upward  displacements  of  the  pavement  surface.  Bumps  can 
be  caused  by  several  factors.  Some  of  the  common  causes  are: 

1 . Buckling  or  bulging  of  underlying  PCC  slabs  (AC  overlay) 

2.  Frost  leave  (ice  lens  growth) 

3.  Infiltration  and  buildup  of  material  in  a crack  in  combination  with  traffic 
loading  (sometimes  called  “tenting) 

Distortion  and  displacement  can  also  take  place  over  large  areas  of  the  pavement 
surface,  causing  large  and/or  long  dips  in  the  pavement . This  condition  is  described 
under  swelling. 

L Bump  causes  low-severity  ride  quality 

M Bump  causes  medium-severity  ride  quality. 

H Bump  causes  high-severity  ride  quality. 

Bumps  are  measured  in  units  of  length  (linear  feet).  If  bumps  occur  in  a pattern 
perpendicular  to  traffic  flow  and  are  spaced  at  10  ft  (3  m),  the  distress  is 
counted  as  corrugation.  If  the  bump  is  located  in  combination  with  a crack,  the 
crack  is  also  recorded. 


•Sec  page  51  for  definition. 
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Name  of  Distress: 
Description: 


Severity  Levels: 


Corrugation 

Corrugation  is  a series  of  closely  spaced  ridges  and  valleys  (ripples)  occurring  at 
fairly  regular  intervals  (usually  less  than  10  ft  [3  m])  along  the  pavement.  The 
ridges  are  perpendicular  to  the  traffic  direction.  Traffic  action  combined  with  an 
unstable  pavement  surface  or  base  usually  causes  this  type  of  distress.  If  bumps 
occur  in  a series  of  less  than  10  ft  (3  m),no  matter  what  the  cause  is  the  distress 
is  considered  corrugation. 

L - Corrugations  cause  low-severity  ride  quality.* 

M Corrugations  cause  medium-severity  ride  quality. 


H Corrugations  have  a high-severity  ride  quality. 


How  to  Measure: 


Corrugation  is  measured  in  square  feet  of  surface  area. 


•See  page  5 1 for  definition. 
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Name  of  Distress:  Depression 

Description:  Depressions  are  localized  pavement  surface  areas  having  elevations  slightly  lower 

than  those  of  the  surrounding  pavement.  In  many  instances,  light  depressions  are 
not  noticeable  until  after  a rain,  when  ponding  water  creates  “birdbath”  areas; 
but  the  depressions  can  also  be  located  without  rain  because  of  stains  created  by 
ponding  of  water.  Depressions  can  be  created  by  settlement  of  the  foundation 
soil  or  can  be  “built  up”  during  construction.  Depressions  cause  roughness  and, 
when  tilled  with  water  of  sufficient  depth,  could  cause  hydroplaning. 

Severity  Levels:  Maximum  Depth  of  Depression 

Severity  High  Speed  Low  Speed 

C>  40  mph)  (<  40  mph) 

L 1/8 -1/2  in.  1/2-1  in. 

(.32 - 1.27  cm)  (1 .27  - 2.54  cm) 

M >1/2-1  in.  >1-2  in. 

(1 .27  - 2.54  cm)  (2.54  to  5.08  cm) 

H > 1 in.  >2  in. 

(2.54  cm)  (5.08  cm) 

How  to  Measure:  Depressions  are  measured  in  square  feet  of  surface  area.  The  depth  can  be 

measured  by  placing  a 10-foot  straightedge  across  the  depressed  area  and  measur- 
ing the  maximum  depth  in  inches. 


Name  of  Distress: 
Description: 


Severity  Levels: 


How  to  Measure: 


Ldge  Cracking 

Edge  cracks  are  parallel  to  and  usually  within  1 ft  (.3  nt)  of  the  outer  edge  of  the 
pavement.  This  distress  can  be  caused  by  front-weakened  base  or  subgrade  near 
the  edge  of  the  pavement  accelerated  by  traffic  loadings.  If  the  area  between  the 
crack  and  pavement  edge  breaks  up  (sometimes  to  the  extent  that  pieces  are  re- 
moved), it  is  said  to  be  raveled. 

L Light  cracks  with  no  breakup  or  raveling. 

M Medium  cracks  with  some  breakup  and  raveling. 

H Considerable  breakup  or  raveling  along  the  edge. 

Edge  cracking  is  measured  in  linear  feet. 
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Name  of  Distress: 
Description: 


Severity  Levels: 


N1 


Longitudinal  and  Transverse  Cracking  (non-PCC  Slab  Joint  Reflective) 


Longitudinal  cracks  are  parallel  to  the  pavement's  centerline  or  laydown  direction. 
They  may  be  caused  by  (1)  a poorly  constructed  paving  lane  joint;  (2)  shrinkage 
of  the  AC  surface  due  to  low  temperatures  or  hardening  of  the  asphalt  ; or  (3)  a 
reflective  crack  caused  by  cracks  beneath  the  surface  course,  including  cracks  in 
PCC  slabs  (but  not  at  PCC  joints).  Transverse  cracks  extend  across  tire  pavement 
at  approximately  right  angles  to  the  pavement  centerline  or  direction  of  laydown. 
They  may  be  caused  by  items  2 or  3 above.  These  types  of  cracks  are  not  usually 
load-associated.  If  the  pavement  is  fragmented  along  a crack,  the  crack  is  said  to 
be  spalled. 


- Cracks  have  either  minor  spalling  or  no  spalling.  The  cracks  can  be  filled  or  non- 
filled. Nonfilled  cracks  have  a mean  width  of  1/4  in.  (.63  cm)  or  less;  filled  cracks 
are  of  any  width,  but  their  filler  material  is  in  satisfactory  condition. 


One  of  the  following  conditions  exists:  (1)  cracks  are  moderately  spalled  and  can 
be  either  filled  or  nonfilled  and  of  any  width;  (2)  filled  cracks  are  not  spalled  or 
are  only  lightly  spalled,  but  the  filler  is  in  unsatisfactory  condition;  (3)  nonfilled 
cracks  are  not  spalled  or  are  only  lightly  spalled,  but  mean  crack  width  is  greater 
than  1/4  in.  (.63  cm);  or  (4)  light  random  cracking  exists  near  the  crack  or  at  the 
comers  of  intersecting  cracks. 


H — Cracks  are  severely  spalled.  They  can  be  filled  or  nonfilled  of  any  width. 


How  to  Measure: 


Longitudinal  and  transverse  cracks  are  measured  in  linear  feet.  The  length  and 
severity  ot  each  crack  should  be  identified  and  recorded.  If  the  crack  does  not 
have  the  same  severity  level  along  its  entire  length,  each  portion  of  the  crack  hav- 
ing a different  severity  level  should  be  recorded  separately.  If  a bump  occurs  at 
the  crack,  it  is  also  recorded. 
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Name  of  Distress: 
Description: 

Severity  Levels. 


How  to  Measure: 


Patching  and  Utility  Cut  Patch 

A patch  is  considered  a defect,  no  matter  how  well  it  is  performing.  If  a large 
amount  of  the  pavement  has  been  repaved  or  overlaid,  it  should  not  be  recorded 
as  a patch. 

L - Patch  is  in  good  condition  and  is  performing  satisfactorily.  Ride  quality *is  rated 
as  low  severity  or  better. 

M - Patch  is  somewhat  deteriorated  and/or  ride  quality  is  rated  as  medium  severity. 

H - Patch  is  badly  deteriorated  and/or  ride  quality  is  rated  as  high  severity.  Patch 
needs  replacement  soon. 

Patching  is  measured  in  square  feet  of  surface  area.  However,  if  a single  patch  has 
areas  of  differing  severity  levels,  these  areas  should  be  measured  and  recorded 
separately.  For  example,  a 25-sq  ft  (2.25  m2)  patch  may  have  10  sq  ft  (.9  m2)  of 
medium  severity  and  15  sq  ft  (1.35  m2)  of  low  severity.  These  areas  would  be  re- 
corded separately.  No  other  distresses  are  recorded  within  a patch  (i.e.,  if  patch 
material  is  shoving,  it  should  not  be  counted  as  shoving.) 


•See  page  5 1 for  definition. 


Name  of  Distress: 


Polished  Aggregate 


Description: 


Severity  Levels: 


Aggregate  polishing  is  caused  by  repeated  traffic  applications.  Polished  aggregate 
is  present  when  close  examination  of  a pavement  reveals  that  the  portion  of  ag- 
gregate extending  above  the  asphalt  is  either  very  small,  or  that  there  are  no 
rough  or  angular  aggregate  particles  to  provide  good  skid  resistance.  This  type  of 
distress  is  also  indicated  when  the  number  on  a skid  resistance  rating  test  is  low 
or  has  dropped  significantly  from  previous  ratings. 

No  degrees  of  severity  are  defined.  However,  the  degree  of  polishing  should  be 
significant  before  it  is  included  in  the  condition  survey  and  rated  as  a defect. 


How  to  Measure: 


Polished  aggregate  is  measured  in  square  feet  of  surface  area. 


Name  of  Distress 
Description 


Severity  l evels 


How  to  Measure 


Potholes 

Potholes  ate  small  (usually  less  than  .1  It  |.‘)m|  in  diameter),  Imwl  shaped  de 
pressions  in  the  pavement  surface.  Urey  generally  have  sharp  edges  and  vetlical 
sides  neat  the  top  of  the  hole.  Potholes  ate  produced  when  traffic  abrades  small 
pieces  of  the  pavement  surface.  These  spots  disintegrate  because  of  poor  surface 
mixtures,  weak  spots  in  the  base  or  subgrade,  or  because  they  have  reached  a 
condition  of  high -severity  alligator  cracking,  l-'toe  moisture  collection  in  the  hole 
accelerates  its  development.  Potholes  are  generally  structurally  related  distress 
and  should  not  be  confused  with  raveling  and  weathering.  Thus,  when  holes  are 
created  from  high  severity  alligator  cracking,  they  should  be  identified  as  pot- 
holes and  not  ns  weathering. 

1 evels  of  severits  are  determined  based  on  both  the  diameter  and  the  depth  of 
the  pothole  according  to  the  table  below. 


Average  Diameter  (inches  |cnt  | ) 

<6  in. 
(15.24  cm) 

6 to  IS  in. 
(15.24  to 
45.72  cm) 

MS  in. 
(45.72  cm) 

1/2  to  1 in. 

(1.27  to  2.54  cm) 

L 

L 

M 

1 to  2 in. 

(2.54  to  5. OS  cm) 

L 

M 

II 

>2  in. 

(5  .OS  cm) 

M 

II 

II 

Potholes  are  measured  by  counting  the  number  that  arc  of  low,  medium,  and 
high  severity  and  recording  them  separately. 
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Name  of  Distress: 
Description 

Severity  Levels: 


How  to  Count: 


Railroad  Crossing 

Railroad  crossing  defects  occur  in  the  form  of  depressions  or  bumps  around  the 
tracks. 

L Ride  quality*  is  slightly  affected  and  vehicles  do  not  slow  down  to  cross. 

M Ride  quality  is  moderately  affected  and  vehicles  normally  slow  down  to  cross. 

H Ride  quality  is  affected  to  a great  extent,  and  vehicles  must  cross  very  slowly. 

The  number  of  rails  crossed  by  the  railroad  tracks  are  counted.  Any  large  bump 
created  by  the  tracks  should  be  counted  as  part  of  the  crossing. 


*Set*  i>*#c  5 1 for  definition. 


Name  tit'  Distress 


Slippage  ('racking 


PPPPP r' 


Description: 


Severity  levels: 


Slippage  cracks  are  crescent-  or  half-moon-shaped  cracks  having  two  ends  pointed 
away  front  the  direction  of  traffic.  They  arc  produced  when  braking  or  turning 
wheels  cause  the  pavement  surface  to  slide  and  deform.  This  usually  occurs  when 
there  is  a low-strength  surface  mix  or  a poor  bond  between  the  surface  and  the 
next  layer  of  pavement  structure. 

No  degrees  of  severity  are  defined.  It  is  sufficient  to  indicate  that  a slippage 
crack  exists. 


How  to  Measure: 


Slippage  cracking  is  measured  in  square  feet  of  surface  area. 


Name  of  Distress: 
Description: 

Severity  Levels: 


How  to  Measure 


Weathering  and  Raveling 

Weathering  and  raveling  are  the  wearing  away  of  the  pavement  surface  caused  by 
the  loss  of  asphalt  or  tar  binder  and  dislodging  of  aggregate  particles.  They  may 
indicate  that  the  asphalt  binder  has  hardened  significantly  or  that  a poor-quality 
mixture  exists. 

L Aggregate  or  binder  has  started  to  wear  away. 

M - Aggregate  and/or  binder  has  worn  away.  The  surface  texture  is  moderately 
rough  and  pitted. 

H Aggregate  and/or  binder  has  worn  away  to  a considerable  extent.  The  surface 
texture  is  severely  rough  and  pitted. 

Weathering  and  raveling  are  measured  in  square  feet  of  surface  area. 
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Name  of  Distress 
Description : 


Severity  Levels. 


How  to  Measure: 


Joint  Reflection  Cracking  from  PCC  Slabs  (Longitudinal  and  Transverse) 

This  distress  occurs  only  on  pavements  having  an  asphalt  surface  over  a portland 
cement  concrete  (PCC)  slab.  This  category  does  not  include  reflection  cracking 
front  any  other  type  of  base  (i.e.,  cement-stabilized,  lime-stabilized);  such  cracks 
are  listed  as  longitudinal  and  transverse  cracks.  Joint  reflection  cracking  is  caused 
mainly  by  movement  of  the  PCC  slab  beneath  the  asphalt  concrete  (AC)  surface 
because  of  thermal  and  moisture  changes;  it  is  not  load  related.  However,  traffic- 
loading  may  cause  a breakdown  of  the  AC  near  the  crack,  resulting  in  spalling 
and  foreign  object  damage  (POD)  potential.  If  the  pavement  is  fragmented  along 
a crack,  the  crack  is  said  to  be  spalled.  A knowledge  of  slab  dimensions  beneath 
the  AC  surface  will  help  to  identify  these  cracks. 

L Cracks  have  only  light  spalling  or  no  spalling,  and  can  be  filled  or  nonfilled.  If 
nonfilled,  the  cracks  have  a mean  width  of  1/4  in.  (.63  cm)  or  less;  filled  cracks 
are  of  any  width,  but  their  filler  material  is  in  satisfactory  condition. 

M One  of  the  following  conditions  exists:  ( 1 ) cracks  are  moderately  spalled  and  can 
be  either  filled  or  nonfilled  and  of  any  width;  (2 ) filled  cracks  are  not  spalled  or 
are  only  lightly  spalled,  but  the  filler  is  in  satisfactory  condition;  (3)  nonfilled 
cracks  are  not  spalled  or  are  only  lightly  spalled,  but  the  mean  crack  width  is 
greater  than  1/4  in,  (.63  cm);  or  (4)  light  random  cracking  exists  near  the  crack 
or  at  the  corners  of  intersecting  cracks. 

H Cracks  are  severely  spalled  and  can  be  either  filled  or  nonfilled  of  any  width. 

Joint  reflection  cracking  is  measured  in  linear  feet.  The  length  and  severity  level 
of  each  crack  should  be  identified  and  recorded.  If  the  crack  does  not  have  the 
same  severity  level  along  its  entire  length,  each  portion  should  be  recorded 
separately.  For  example,  a crack  that  is  50  ft  (15  m)  long  may  have  10  ft  (3  m) 
of  high  severity  , 20  ft  (6  m)  of  medium  severity,  and  20  ft  (6  rn)  of  light  severity , 
these  would  all  be  recorded  separately.  If  a bump  occurs  at  the  reflection  crack, 
it  is  also  recorded. 


Name  of  Distress:  Rutting 


Description:  A rut  is  a surface  depression  in  the  wheel  paths.  Pavement  uplift  may  occur 

along  the  sides  of  the  rut;  however,  in  many  instances,  ruts  are  noticeable  only 
after  a rainfall,  when  the  wheel  paths  are  filled  with  water.  Rutting  stems  from  a 
permanent  deformation  in  any  of  the  pavement  layers  or  subgrade,  usually 
caused  by  consolidation  or  lateral  movement  of  the  materials  due  to  traffic 
loads.  Significant  rutting  can  lead  to  major  structural  failure  of  the  pavement. 

Severity  Levels:  Mean  Rut  Depth  Criteria 

Severity  <40  tnph  >40  mph 

L 1/4  to  1/2  in.  1/8  to  1/4  in. 

(.63  to  1 .27  cm)  (.32  to  .63  cm) 

M 1/2  to  1 in.  1/4  to  1/2  in. 

(1 .27  to  2.54  cm)  (.63  to  1 .27  cm) 

H 1 in.  1/2  in. 

(2.54  cm)  (1.27  cm) 

How  to  Measure:  Rutting  is  measured  in  square  feet  of  surface  area,  and  its  severity  is  determined 

by  the  mean  depth  of  the  rut.  To  determine  the  mean  rut  depth,  a straightedge 
should  be  laid  across  the  rut  and  the  depth  measured.  Tire  mean  depth  in  inches 
should  be  computed  from  measurements  taken  along  the  length  of  the  rut. 


Name  of  Distress: 


Swell 


Description.  Swell  is  characterized  by  an  upward  bulge  in  the  pavement’s  surface.  A swell  oc- 

curs as  a long  gradual  wave  of  more  than  10  ft  (3  m)  in  length.  Swelling  can  be 
accompanied  by  surface  cracking.  A swell  is  usually  caused  by  frost  action  in  the 
subgrade  or  by  swelling  soil. 

Severity  Levels:  L - Swell  causes  low-severity  ride  quality*  Low-severity  swells  may  not  always  be  ob- 

servable, but  their  existence  can  be  confirmed  by  driving  a vehicle  over  the  sec- 
tion at  the  speed  limit.  An  upward  acceleration  will  occur  if  the  swell  is  present. 

M Swell  causes  medium-severity  ride  quality. 

H Swell  causes  high -severity  ride  quality. 

How  to  Measure:  The  surface  area  of  the  swell  is  measured  in  square  feet. 


•See  page  5 1 for  definition. 


Name  of  Distress  Shoving 


Description:  Shoving  occurs  when  the  pavement  surface  permanently  displaces  in  a longi- 

tudinal direction  in  a localized  area  due  to  traffic  loading.  Shoving  produces  a 
short,  abrupt  wave  because  of  pushing  of  the  surface  by  traffic.  This  distress  nor- 
mally occurs  only  in  liquid  asphalt  (cutback  and  emulsions)  mix  pavements  due 
to  instability.  Shoves  occurring  in  patches  are  considered  in  rating  the  patch,  and 
not  separately  as  shoves. 

Severity  Levels:  L Shove  causes  low-severity  ride  quality.* 

M - Shove  causes  medium-severity  ride  quality. 

H Shove  causes  high-severity  ride  quality. 

How  to  Measure:  Shoves  are  measured  in  square  feet. 

•See  pane  5 1 for  definition. 
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